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Hoe vindt U de Velsertunnel? ||| Machtig, nietwaar! 


| e 
hij is gebouwd met cem IJ-cement 


Men koos voor dit werk, waarop Nederland terecht trots is, het cement dat 't 


best bestand is tegen de aantastende invloeden van grondwater. 


Dat de Velsertunnel door gebruik van 100.000 ton CEMIJ-cement een kwart 


miljoen goedkoper werd, was een plezierige bijkomstigheid. 


CEMY =cement: goed voor het grootste miljoenenwerk - goed voor het kleinste huis 
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Zware industrie stelt zware eisen 


Meer dan 45 jaren vervaardigt Vredestein nu al technische rub- 
berartikelen. Meer dan 45 jaren al, lost Vredestein vaak hopeloos 
liikende problemen op, die de zware industrie met zich meebrengt. 
Zware eisen worden vaak gesteld aan Vredestein rubberartikelen. 
Dank zij hechte samenwerking met de industrie, intensieve proef- 
nemingen en onderzoekingen op laboratoria, en in de praktijk 
kan Vredestein een goede kwaliteit van haar artikelen waarborgen. 
Grote problemen - kleine problemen: Vredestein schenkt er haar 


aandacht aan! 
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Enkele produkten, spech|: 
voor de zware industrie 
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Trillingdempers 
Zowel voor actieve als pas 
sieve trillingsabsorpti 
Ronde en rechthoekige m« 
dellen zowel voor belastir 
onder druk als onder a 
schuifspanning. 
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rubberprodukt, dat geschi 
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passing, gebruikt te worde 


naam in rubber. 


Expansiestukken 

Zowel ronde expansiestuk 
ken met diameters tot 150 
mm als anders gevormd 
voor bijv. koelwater- 


leidingen. 
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Diesel-elektrische locomotief 


in dienst bij de Staafsmijnen 


GENERATOREN, MOTOREN, APPARATEN, 


COMPLETE UITRUSTINGEN EN INSTALL/ 


wIJ BOUWEN: 


TRIL-ZEVEN 
KRUKAS-ZEVEN 
RESONANTIE-ZEVEN 
SCHUDZEVEN MET 
UITGEBALANCEERDE MASSA’S 


Machines en installaties 
voor het zeven 


Eigen research- en experimenteer afdeling. 


Wij hebben langjarige 


Uitgebreide prospecti worden op 


praktische ervaring van de bouw aanyrage gaarne toegezonden. 


van enkel- en meervoudige 
zeven of gehele zeefinstallaties. 
Kortgeleden hebben wij voor 
een mijnbedrijf 15 dubbelzeven 
geleverd en werden 

18 zeven nabesteld. 


Wii leggen ons er 

op toe zeefmachines 

te leveren die niet alleen 
constructief en technisch 
verantwoord zijn, 

maar ook in hoge mate 
efficient werken. RER Per 
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Met name de lucht, die U met behulp van compressoren 
moet samenpersen voor de ventilatie van tunnel, fabriek of mijjn, 
voor het aanblazen van hoogovens of andere ovens. 


Opdat die lucht U niet meer zal kosten dan strikt nodig is, 
doet U er goed aan vrijblijvend offerte te vragen aan G.H.H,, 
sinds 1904 bouwers van turbines, 

compressoren, turbo-ventilatoren en gaszuigers. 

Leveranciers van meer dan de helft van alle turbine- 

en electrisch gedreven mijncompressoren 

en gascompressie-installaties in West-Duitsland. 


Hierbij is afgebeeld een G.H.H. turbocompressor, 

max. aanzuigcapaciteit 100.000 m?/h, einddruk 8 ato, 
met aandrijving door 

G.H.H.-turbine 11600 pk/8500 kW, 5300/5700 omw./min. 
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GEOLOGIE EN MIINBOUW 


PROBLEMS CONCERNING SOURCE AND TRANSPORTATION 
OF FLYSCH SEDIMENTS' 


Ph. H. KUENEN? 


ABSTRACT 


The source of flysch sediment is usually sought in 
swiftly rising adjacent cordilleras. But the evidence 
is often inconclusive and the percentage of pebbles 
in most units is remarkably low for such a situation. 
Measured current directions indicate longitudinal 
turbidity currents in a number of cases. It is suggested 
that large distant sources may have played an impor- 
tant part for certain flysch units, even if local coarse 
material has been added. Or the source may have been 
in the geosynclinal belt but at a distance along its 
axis. The three possibilities for supply: (1) lateral- 
local, (2) longitudinal but still internal, and (3) 
longitudinal-external should be tested for each flysch 
unit separately. 


FORMER VIEWS 


The type of flysch that I want to lay emphasis 
on can be defined as follows: 

„A thick sequence of pre-paroxismal marine 
geosynclinal sediments, consisting of an alter- 
nation of evenly stratified shale and muddy 
sandstone (graywacke, etc.) and showing at least a 
moderate amount of graded bedding. The maxi- 
mum grain size in the graded beds is 5 to 10 cm 
diameter. Coarser material is not graded and 
subordinate in amount. Transitions to or alter- 
nations with calcareous types also occur. Geolo- 
gical age is ignored.” 

This kind of sequence is probably the most 
common type of flysch but because no age li- 


1 Address to the Leidse Geologische Vereniging 
on the occasion of its 25th anniversary. 

This report has benefited by valuable criticisms or 
supporting evidence offered during the lively dis- 
cussions following the lecture and later at the Inter- 
national Sedimentological Congress in Switzerland. 
’The writer wishes to thank his colleagues for this aid. 

2 Geologisch Instituut, Groningen. 


mits are set this definition includes formations 
which are not flysch according to some autho- 
rities as for instance the Pliocene of the Ventura 
Basin, many Kulm and other Paleozoic deposits. 
On the other hand some unquestionable flysch 
formations are very poorly graded, as for instance 
much of the Swiss flysch, or they consist mainly 
of boulders in clay like Wildflysch. These types 
will be left out of account to begin with. I 
claim that all flysch with plenty of graded bed- 
ding has been deposited by turbidity currents 
in water exceeding neritic depths (> 200 m) 
and in many cases even more than 1000 m 
depth. Even if many of the beds are not clearly 
graded and sole markings are indistinct the same 
mechanism was presumably active. Time is too 
short to give the arguments for this view (see 
Kuenen, in press), but it is not of paramount 
importance to what I have to say. As long as one 
admits the reliability of the measured directions 
of depositing currents, the outcome is about the 
same whether it is assumed that we are dealing 
with turbidity currents or with normal marine 
currents. In any case, many geologists who have 
attempted to apply the concept of turbidity cur- 
rents to flysch-like deposits with graded bed- 
ding appear to be favourably inclined towards 
this explanation. 

Our present problem is the source of the 
sedimentary material in these flysch units. Let 
us see first how the problem was tackled before 
the turbidity current concept was introduced. 
Several methods were available for ascertaining 
the source. These were the following: 


(1) petrography of the sands and pebbles cor- 
related with regional petrography of older 
rocks, 
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(2) distribution of grain sizes, 
(2) composition and shape of particles used 


to indicate climate, topography and distance 


of source area, 

(4) sequence in metamorphic minerals, 

(5) catastrophic sedimentation and badly sorted 
character of flysch rocks, 

(6) thythms in bedding, 

(7) paleogeography. 

These various lines of attack have all helped 
to establish a generally accepted view that the 
developing geosyncline was bordered by rising 
land or was divided by rising internal ridges 
and that these provided the bulk of the sediment. 
These denudation products were carried di- 
rectly off the geanticlinal ridges sideways into 
tbe adjoining trough. No doubt the case for this 
view is strong with so many converging lines 
of evidence in its favour and so many years of 
expert investigation behind it. It is therefore 
bold for a comparative layman in geosynclinal 
geology to suggest a possible alternative, even 
if he goes no farther than to present this other 
view as a working hypothesis and as additional. 
But I have come across some arguments that 
appear to indicate that much of the flysch sedi- 
ment was derived from further away, partly 
from the same type of geosynclinal source but 
situated far from the locus of deposition, partly 
from areas outside the geosynclinal unit. 

Before presenting this new evidence a brief 
summary of the former methods may prove 
useful. 

(1) Petrographic study of pebbles has shown 
tnat in many cases they can be traced to typical 
scurce rocks in the direct neighbourhood. Thus 
Cadisch (1953, p. 183, 197) lists instances of 
pebbles and blocks in Alpine flysch which 
obviously originated in rocks of adjacent nap- 
pes, although there are also many pebble types, 
the source rocks of which have not yet been 
encountered. The Gurnigel flysch contains huge 
blocks of a typical granite (Habkern), much too 
large to have been carried by a current and 
hence referable to lateral supply by sliding. The 
teldspar of the associated arenaceous beds is 
identical with that of the granite and must 
evidently come from the same nearby source. 
Curiously enough the granite is not known in 
situ. The quartz of graywackes tends to be of 
the metamorphic type indicating a source area 
of deep erosion. This betokens a rising and 
deeply eroded source area of small extent. 

(2) Regional measurements of grain sizes 
bave been made and cases found in which there 
is a decrease away from some point or some 
lateral margin of the trough evincing a local 
source at the edge of the basin. Boulders floa- 


ting in a clay matrix occur in such a position 
that a slide off the side of the trough is implied 
and the same holds for huge blocks in Wild- 
flysch. | 

(3) The high feldspar content of many 
graywackes is strong evidence for a nearby 
source, being rapidiy attacked by weathering of 
a mechanical type or at least of not too pro- 
longed and intensive chemical nature. Add that 
the grains and even the pebbles are poorly 
rounded and it appears logical to claim that 
the particles came straight off the adjacent 
mountains and not from any distance. 

(4) The heavy mineral content of the flysch 
may vary with time and register how denudation 
in the source area was reaching into deeper and 
deeper metamorphic zones of the crust. This 
could hardly take place over a whole continent 
and suggests local, high cordilleras being ac- 
tively eroded. 


(5) The unsorted character of the flysch 
sandstones (muddy graywackes) is usually. at- 
tributed to swift sedimentation next to a rising 
cordillera. Under these conditions there was no 
time for reworking and redeposition by wave 
action, leading to unsorted sediments. After 
long periods of slow organic or fine-grained 
sedimentation, usually of pelagic character, the 
flysch phase suddenly follows with a „cata- 
strophic” inflow of coarse detritus, in some cases 
obviously following tectonic activity and ending 
in an orogenic paroxism. This appears to denote 
that the sedimentation is caused by erosion of 
uplifted mountains and ends when the troughs 
are eliminated. 


(6) The alternation of shale with graywacke 
has frequently been attributed to periodic topo- 
graphic rejuvenation in the source area. Or 
rhythms of coarseness and thickness have been 
traced in the sequence of flysch beds and these 
have then been explained in the same manner. 
These marked changes in grain size at the source 
could not be propagated for great distances 
down rivers or along coasts without becoming 
blurred. Hence the conclusion was added that 
the spasmodically rising source was directly 
adjacent to the trough. 

(7) The paleogeography of the geosyncline 
usually reveals the existance of islands or con- 
tinental coasts in or beside the geosyncline 
which could have acted as source areas. On the 
other hand large parts or practically the whole 
oi the surrounding continent was apparently 
submerged during the deposition of the flysch 
and could therefore not function as a region of 
supply. Or certain areas are ruled out because 
they are bordered by fine deposits. 


CURRENT DIRECTIONS UNFAVOURABLE TO 
LATERAL SUPPLY 

This brief review of the arguments favouring 
local supply and lateral transport into the trough 
cannot be claimed to do justice to this point of 
view. But the speaker must own that his know- 
ledge of these matters is superficial. He would 
tather leave the defence to more competent 
workers who have been active in the field and 
laboratory in collecting data. It is his task to 
present some objections and observations poin- 
ting to a different picture in the hope that this 
may stimulate others with the necessary expert 
knowledge to weigh the pros and cons and to 
apply both working hypotheses to their 
special cases. The concept of local sources will 
then either have to allow some room for the 
new ideas or it will emerge victorious and thus 
all the more firmly established. 

The reason why I first came to question the 
classical concept of lateral supply, stems from 
measuring current directions in flysch units. As 
current markers we used sole markings (Kue- 
nen, 1957a) such as groove casts, flute casts, and 
prod casts, or internal structures like current 
lamination, convolute bedding, and particle 


- orientation and then there are surface markings, 


especially current ripple mark (Kuenen, 1953). 
Usually one finds that these markings give 
identical directions for all levels of a single 
bed, that successive beds show only minor dif- 
ferences from each other through thicknesses 
of hundreds or even thousands of meters, and 
that the currents were parallel over wide areas. 
Currents with abnormal or even opposing direc- 
tions are encountered regularly, but only few 
cases are known in which this is more than a 
rare exception amongst conforming currents. 
Reference may be made to the papers cited 
below. 3) 

In applying these methods regionally we 
fully expected to find centripetal supply in roun- 
ded basins and lateral supply in oblong ones. But 
starting with Kopstein’s (1954) investigation of 
the Welsh Cambrian a number of instances were 
discovered in which the main flow direction was 
found to be longitudinal in the geosynclinal 
trench (Kuenen, 1957b). Sanders has remarked 
that on inclined beds the currents show a re- 
markable tendency to parallel the strike. The most 
spectacular example to date is formed by the 
Oligocene and Miocene flysch of the Apennines 
studied by ten Haaf (in press). He finds a 


3 The poor development in Switzerland of turbi- 
dite features has at least one exception in the Gurnigel 
flysch at Zollhaus. But even here there is a striking 
variability in current directions as if we are dealing 
with currents fanning out from several points. 
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surprisingly regular flow pattern starting near 
Genoa and following the gentle curve of the 
mountain range over a distance of about 300 
kilometers to the east of Rome. Likewise in the 
Caucasus longitudinal currents are measured 
(N.B. Vassoevich, personal communication). 

In the mean time Ksiazkiewicz and his pupils 
have been extremely active in measuring current 
directions in the Polish Carpathians. This range 
is abnormally rich in flysch deposits; in fact since 
lower Cretaceous times to the end of the Oligo- 
cene little else than flysch was laid down in the 
geosyncline. Here again hundreds and hundreds 
of measurements have shown that the usual cur- 
rent direction was longitudinal, although domi- 
pantly oblique and transverse systems in certain 
units have also been discovered. *) 

Several possible explanations of these results 
can be suggested. One, to which the Polish 
geologists tend, is to accept the classical concept 
and to explain the longitudinal directions by 
assuming that the currents came in sideways but 
did not start to form a deposit until they had 
turned longitudinally along a pitching trough 
floor. 

A second possibility is that the sediment was 
supplied from the geanticlinal slopes facing the 
troughs but that it was carried along the coast in 
shallow water for distances of many dozens of 
kilometers to some favourable locality where it 
tended to accumulate on a slope into deep water. 
On this slope an occasional turbidity current 
was set off and carried a large volume of sediment 
to the trough floor and away to distant regions 
in longitudinal flow, partly in the opposite 
direction to the coastal drifting. This suggestion 
is a slightly bolder form of a possibility already 
proposed by Ksiazkiewicz. 


A third possibility has recently been invoked 
by Dzulynski and Slaczka (in press) for the 
Upper Krosno beds in the Polish Carpathians. 
This is that certain parts of a geosyncline are 
taised by syndepositional uplift along transversal 
zones. This reactivates part of the earlier de- 
posits and could start them off longitudinally in 
the trough by turbidity currents. These currents 
may be opposed or perpendicular in direction 
to the original supply. 


A final possibility, which is still farcher 
removed from the classical concept, is that the 
flysch sediment has been brought by rivers from 
distant sources and built into deltas at the ends 
of the trough or at some point along the side 
where the bordering lands happened to be low. 


4 Some papers have already appeared and a joint 
report by Dzulynski, Ksiazkiewicz and the speaker is 


in press. 
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The turbidity currents travelled longitudinally 
!rom those deltas in one or in two opposing 
directions. This new picture was tentatively 
suggested a short time ago by me to account for 
the measured current directions. The new data 
from Poland bring some confirmation and some 
objections and in general provide much valuable 
information to build upon. It might prove easy 
to make a choice between these possibilities if 
it were not that all three may combine or that one 
may apply to one case and the others elsewhere. 


ARGUMENTS FOR LATERAL SUPPLY NOT 
COMPELLING 


To begin with, it is obvious that if a distant 
source has supplied the bulk of a flysch deposit, 
local sources may have added some sediment, 
especially angular pebbles and Wildflysch blocks. 
Pebble and heavy mineral analysis as a means of 
ascertaining the source area must therefore be 
handled with caution. An example from the Alpes 
Maritimes will be given anon. Studies on the 
distribution of grain sizes are also open to cri- 
ticism along the same lines when attention has 
been concentrated on the larger particles. 


Much of the Niesen flysch, as seen on a short 
fieldtrip, appears to be formed of fluxo-turbidites 
and slides. Fluxo-turbidites are characterized by 
cuarse grain, thick bedding, poor development of 
grading, of sole markings, and of shales (Dzu- 
lynski et al. in press). These beds I imagine have 
slid down comparatively steep slopes without 
developing fully into turbidity currents. Such 
a flysch should obviously be traced to a nearby 
source. 

Furthermore, a gradual change in metamorphic 
minerals need not result from deep erosion in a 


proximal source area, but could be happening 
further away. 


The angular shape of graywacke grains is gene- 
rally admitted to prove a nearby supply. However, 
I have carried out experiments on abrasion (Kue- 
nen, 1958) and the result is that the loss of ma- 
terial from quartz grains of sand size by mecha- 
nical wear is virtually zero and even feldspar 
gtains can be carried dozens of kilometers and yet 
remain extremely angular (loss is of the order of 
Ya per cent per 100 km). It is possible that che- 
mical attack of grains while stagnating on bars 
and in flood plains tends to enhance rounding, 
but if a stream is sufficiently active no time for 
weathering is left. Therefore sand grains can 
travel far without perceptible abrasion. This is 
confirmed by the fact that even a long river like 
the Rhine carries rather angular, feldspatic sand 
across the Dutch frontier. The supposed longitu- 
dinal transportation by turbidity currents has no 


abrading influence whatever because it happens 
in suspension. 

Investigation (Koldewijn, 1955) of the light 
fraction of the Rhine sediments confirms Rus- 
sell’s (1937) conclusions for the Mississippi that 
the loss of feldspar in river transport is negligible 
cver distances of a few hundred kilometers. The 
percentage of feldspar in the Rhine sands above 
the confluence with the Moselle is 20 to 30. 
Hence the Rhine sand, if mixed with clay and 
indurated would be classified as a graywacke, in 
spite of transportation over hundreds of kilo- 
nıeters. 

The foregoing shows that the claim that flysch 
rocks must derive from a source immediately 
adjacent to the geosyncline on account of shape 
and mineralogy can hardly be maintained 
although, of course, a nearby source is by no 
means ruled out. 

The effect of coastal transportation on shape 
and composition of sands is not so drastic as to 
exclude, on account of angularity, significant 
movement of graywacke grains by this process. 

It is hardly necessary to emphasize that if the 
concept of turbidity currents is accepted the alter- 
nation of coarse and fine beds in a flysch unit 
has nothing to do with tectonic uplift in the 
surroundings, and even larger sequences need not 
reflect anything of local tectonics. 

The argument that the amount of sedimenta- 
tion is closely linked with the orogenic history 
and that the mighty flysch units denote rapid 
uplift, is a strong indication of local supply. But 
in the majority of cases it is perhaps not com- 
pelling. The general level of the continents can 
also have been raised and the relief of older 
distant masses rejuvenated during the develop- 
ment of geosynclines. Hence, the accelerated 
inflow of sediment into the geosynclinal troughs 
could be accounted for without calling on local 
denudation. 

The change in climate during ice ages and 100 
ın depression of sea level sufficed to alter the 
regimen of rivers fundamentally. Rivers like the 
Rhine, theRhone,and eventhe Mississippi car- 
ried pebbles to their mouths. If epirogenic re- 
percussions of continental extent accompanied 
orogenic activity of the geosynclines this would 
obviously also be capable of galvanizing erosion 
to abnormal activity. Vast quantities of denu- 
dation products, prepared over preceding periods 
by weathering, could be carried to the geosyncli- 
nes and cause „catastrophic” sedimentation there. 

The „unsorted” nature of the flysch sandstones 
has been explained by lack of time and oppor- 
tunity for wave or current sorting because of 
catastrophic denudation and dumping in the 
adjacent basin. Actually there is an excellent sor- 


ting, although coarse and fine are mixed. In 
graded beds the median diameter decreases with 
rcmarkable regularity upwards, and this is a type 
of sorting, although different to the effect of 
winnowing. It is brought about by turbidity cur- 
rents and one cannot say whether these flows 
carried a load that was formed by the mixing of 
well sorted beds or of unsorted material. Hence, 
there is no direct evidence whether there was 
wave and current sorting between source and 
graded deposit. The abrupt incoming of sand 
after clay sedimentation for each sandstone, is 
likewise the result of some kind of sorting. In 
other words the muddiness of the sands results 
from the mechanism of deposition and may not 
be used as evidence of what went before. 


Useful evidence in the hands of those advoca- 
ting local supply is in some cases derived from 
paleogeogaphy. 

On the one hand there are negative arguments 
indicating that at the time of rapid flysch accu- 
mulation there was no extensive land area which 
could have delivered sediment into the trench at 
the required locality. On the other hand there is 
more positive evidence when sedimentary features 
indicate a supply from an internal source, pre- 
sumably an island within the confines of the 
geosyncline, or a marginal geanticline. 

Another paleogeographic argument can be 
that an otherwise possible external source is ruled 
out by being separated from the course flysch by 
a strip of contemporaneous finer sediment, or 
conversely that such a strip on the distal side of 
the trough militates against transportation over 
significant distances. In the latter case it is as- 
sumed that the fine sediment was deposited in 
the deepest parts and that the larger grains could 
not reach it. 


However, in this early stage of applying the 
new sedimentological tools the paleogeographic 
line of reasoning can seldom be quite convincing. 
There are too many possibilities of bias, wrong 
generalizations and so forth in paleogeographic 
maps to allow them the last word at the present 
moment. Later tectonic movements have obscured 
much of the ancient geography and the paleogeo- 
grapher is tempted to postulate intergeosynclinal 
sources almost anywhere he feels the need. But 
the uncertainty of such conclusions must not be 
lost out of sight. First the field data of sedimen- 
tology must be greatly extended and the evidence 
carefully weighed before a conclusion can be 
drawn. 

It is only where a flysch trough was obviously 
separated from the continent by basins and ridges 
all around, also at its ends, that an extra-geosyn- 
clinal source is excluded. 
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If there were no points favouring distant supply 
tlıese remarks indicating possible weakness in the 
arguments for local supply could hardly suffice to 
shake our conviction because jointly they appear 
to build up into a logical picture. But contra- 
dicting evidence actually does exist and may be 
given now. 


ARGUMENTS AGAINST LATERAL SUPPLY 


It is obvious that a rising geanticline borde- 
ting a trough must produce roughly equivalent 
amounts of sediment on both sides. (The fol- 
lowing argument does not apply to an internal 
cordillera undergoing overthrusting). If the 
slope towards the geosyncline were steeper than 
away from it then coarser but less material 
would reach the trough than what was carried 
away, and vice versa. But the difference could 
not persist for ever and whichever were the 
case a roughly equivalent amount of sediment 
would in the long run have been deposited 
cutside and inside the geosyncline. Only if this 
extra-geosynclinal sediment managed to travel 
round the geanticline to the end of the trough, 
or through a gap somewhere, could this sedi- 
ment feed the geosyncline. However, part of the 
paleogeographic argument for a local source is 
that outside the geosyncline there was a shallow 
sea with insignificant detrital sedimentation. 
Then where did the waste from the outer flank 
g0 to? 


I have already pointed out elsewhere that all 
major landlocked sedimentary troughs of the 
present are being filled mainly from one or both 
ends by large rivers (Kuenen, 1957b). Admit- 
tedliy there may be no flysch troughs among 
present-day basins, so that the comparison is not 
strictliy valid. But whatever geographic setting 
is postulated for a flysch trough it appears lo- 
gical from a topographical point of view, to 
assume that a significant part or even the ma- 
jority of the sand and clay sediment of flysch 
troughs was brought in at a few, widely spaced 
gaps or at the ends of the trenches and that 
this contribution came on the average from 
distances to be measured in scores or hundreds 
of kilometers. In other words one would expect 
a geosynclinal trough to attract detritus from 
elsewhere besides from its borders. 


Recent work carried out by the Orinoco 
Shelf Expedition has included examination of 
the sediments on the shelf around Trinidad. The 
Northern Range of Trinidad is situated di- 
rectly on the coast and with its height of 1000 
meters and the tropical climate, combined with 
the exposure to heavy trade wind surf one would 
expect „catastrophic” sedimentation on the 


334 

adjoining shelf. The same applies to the island 
cf Tobago. But Koldewijn (1958) has shown 
that the rather distinctive heavy mineral con- 
tent of beach and river sands is entirely lost 
amongst the other sediment on the shelf. There 
may be a significant admixture of pebbles 
close in shore, but otherwise these cordilleras are 
remarkably unproductive, although there are no 
reefs protecting these coasts. 

This result is confirmed by an investigation 
of the southern half of the Gres d’Annot in the 
Alpes Maritimes. Fallot and his pupils expected 
to find that this Oligocene flysch was the ero- 
sion product of the massif central of Mercan- 
tour. But to their surprise they found that in 
general the grain size decreased towards this 
mass and that very few of the flysch pebbles 
could be traced to the distinctive rocks of that 
supposed source. An examination of the sedi- 
mientological features has shown that the cur- 
rents were directed towards and flanking this 
island, instead of away from it (Kuenen et al. 
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Fig. 1 — Diagrams illustrating current directions in flysch troughs. 
rents; case B, longitudinal supply by turbidity currents. The blocks (ver 
the pre-tectonic accumulation of beds as reconstructed from exposures. 
not known, either in shape or in position. 

Case C, true-scale diagram of a normally sized flysch trough. An unknown mechanism of lateral supply is as- 


sumed with longitudinal turbidi i i iti 
En ty currents. As shown in the text the result of this supposition is highly unsa- 


1957). At Menton on the coast the currents 
are seen to have come from the south, straight 
out of the Mediterranean. The massif of Esterel 
hay have contributed as a local source, but the 
bulk came from further away. The situation for 
the more northerly part of the Gres d’Annot 
was not examined. 


The even larger mass of flysch in the Apen- 
nines is surrounded by older rocks without 
quartz, mostly limestones and shales. Ten Haaf 
(in press) points out that if the sand of the 
flysch sediment came from the sides of the 
trough, it must have been carried dozens of kilo- 
meters across these older rocks from far away. 


It is more logical to trust the current measure- 
ments which indicate longitudinal transport 
from the northwest even if this journey is still 
longer. The ultimate source was then either the 
sıme area as for the Gres d’Annot in the sub- 
sided region of the Ligurian basin or some 
Alpine unit. But whichever proves right the 
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Case A, lateral supply by turbidity cur- 
tical scale much exaggerated) represent 
The side walls of the flysch troughs are 


sediment came from somewhere a long way 
away. 

These two cases support the view that flysch 
sediment may be carried long distances before 
coming to rest, distances of a hundred kilome- 
ters and more. They also show that the measu- 
rement of current directions produces a logical 
picture and that one should not ignore this 
testimony without strong opposing arguments. 

Confidence in the measured directions is 
strengthened by a number of test cases. In the 
Apennines ten Haaf and I (1956) found that a 
calcarenite flysch of Miocene age, closely as- 
sociated with the graywacke flysch, is characteri- 
zed by a lateral instead of a longitudinal current 
direction, thus explaining the different compo- 
sition. 

For further examples I must turn to the 
Polish Carpathians and draw heavily on unpu- 
blished results of Polish colleagues (see Dzu- 
Iynski et al. in press). The Lgota flysch shows 
longitudinal currents, but a local, coarse variety, 
with much detrital coal is characterized by la- 
teral currents. The same is found for the Pa- 
sierbiec sandstone that appears to fan out into 
the trough from a point on its northern margin. 
In the Podhale flysch the longitudinal west to 
east currents strongly dominate. But when fol- 
lowing this direction pebbly beds are encoun- 
tered here and there, evidently supplied from 
the northern margin of the trough. These influ- 
xes are also associated with current directions 
from the north. The Krosno beds to the south- 
west of Krakow show rather irregular current 
directions, many with a strong component from 
the south, that is lateral to the trough. 

At this preliminary stage of investigation it 
looks as if in most of the cases where lithology 
indicates a local lateral influx, this is confirmed 
by the current measurements. Conversely one 
may claim that in a set of current measurements 
the absence or insignificance of oblique and 
transverse directions argues strongly against la- 
teral supply. 

Admittediy these instances also show that 
there are cases with supply from the side. But 
it is rather sharply localized and could mark a 
delta built by a river or by long-shore transport 
from far away. 


CAN LATERAL SUPPLY BE MASKED? 

Let us consider in greater detail the supposi- 
tion that transverse currents can turn longitudi- 
nally before starting to make a deposit, thus 
masking their true locus of origin. Obviously 
the lateral slope of an oblong trench must be 
much steeper than the pitch of its axis. It may 
well be that on these steeper inclines no depo- 
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sition from a lateral turbidity current starts 
until the flat floor is reached. There the current 
should fan out and gradually begin to turn in a 
longitudinal direction (Fig. 1, A). A slight 
transverse slope to the opposite side, in many 
cases 30 or more kilometers away, must be built 
up before currents can cross over and sedimen- 
tation start over there. Neither while this stage 
is being prepared, nor when it has been attained 
can currents fail to start in oblique directions 
and flow for several dozen of kilometers on the 
early horizontal floor before having reached a 
purely longitudinal direction. If a current cros- 
ses at 45° to the axis of a trough 30 km wide 
then it must travel 50 km before reaching the 
opposite side. At the side proximal to the 
supply there should be no longitudinal flow to 
speak of and at the opposite side it should do- 
minate. There is no reason to doubt that this 
picture would be reflected in the measured 
directions because these oblique currents should 
produce flutings even if they did not deposit 
anything. But they must deposit sediment if 
currents are to reach the opposite side, otherwise 
the necessary slope away from the supply could 
not be built and maintained. 

These deductions fit the case of the Krosno 
beds in the Silesian nappe west of Krakow quite 
satisfactorily and indicate a supply from a num- 
ber of points situated along the southern margin 
of the trough (fig. 2, B). Later erosion and 
overthrusting prevent inspection of the former 
edges of the basin. The Polish workers suspect 
that for this unit the chief source was formed 
by uplifted older flysch, now buried under the 
Magura nappe along the southern margin. 

The conclusion arrived at is that lateral 
supply cannot be masked and that a flysch unit 
with almost exclusively longitudinal current 
directions must be attributed to supply at an up- 
current point (fig. 1, B). This does not in itself 
exclude that the source was within the geosyn- 
cline, but the location of the feeding cordilleras 
would have to be changed and placed further 
up-current. The paleogeographic arguments for 
internal sources become less convincing once 
one has to start shifting the position further 
away. 

A slightly different possibility has also been 
suggested to the author. The mechanism by 
which the sediment is carried down the lateral 
slopes and out across the trough is not necessarily 
that of turbidity flow. By the time the turbidity 
current has developed and starts to produce a 
sraded bed, it is already flowing longitudinally. 
It is argued that the speaker, by restricting his 
attention to graded beds, has failed to examine 
the types of flysch containing evidence of 
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transverse movement and he has only seen the 
narrow central axis where other than longitudi- 
nal currents are excluded. 

The following rejoinder can be made. Chance 
may have led the writer to relatively few out- 
crops of lateral deposits, but he has not 
consciously avoided them. In fact he is of 
opinion that at Annot in the Alpes Maritimes 
the fluxo-turbidites he saw, may represent a 
lateral facies, and part of the Swiss flysch may 
also be a primary deposit. In Poland his guides 
attempted to show him all significant types 
and their mapping aims at covering all available 
outcrops and the same holds for the Apennines 
(ten Haaf). Hence for the units with only 
longitudinal directions the Polish workers as- 
sume that the areas of lateral influx, if they 
existed formerly, have been removed or lie 
covered by younger or overthrust beds. 

It is wrong to picture the troughs as narrow 
trenches because in many instances the still re- 
maining part is dozens of kilometers wide. 
When drawn to scale the cross section of a 
typical Carpathian or Apenninic flysch trough 
is seen to be much broader than one is inclined 
to assume. In fig. 1, C a schematic section is 
shown with a hypothetical flank added. Either 


j Fig. 2 — Maps of some measured curr 
Cretaceous Godula beds, transport mainly longi 
the south with longitudinal directions in the down-current (easterl 
and Dzulynski (Dzulynski et al., in Press). 


fault scarps or relatively steep flexures can be 
assumed. The outlined part is what is known 
by exposures with the later tectonics smoothed 
out. In the ideal case of longitudinal transport 
(e.g. Marnoso arenacea), the whole of the now 
remaining rock mass consists of graded flysch 
with an exceptional slump structure here or 
there and marked by longitudinal currents. The 
depth is assumed to have been 1000 m, the 
breadth 30 km. 

It is not reasonable to claım that the 
unspecified mechanism postulated for lateral 
supply is able to act on a smaller slope than the 
turbidity currents. For the latter a longitudinal 
slope of 1 in 200 may be assumed. Moreover, 
if it was much steeper excessive depths would be 
attained at the lower end of a trough that is 
200 km long. For the other mechanism a mi- 
nimum slope of 1 in 100 will be assumed, 
although a steeper slope is more probable. If it 
is to carry sediment to the distal side the depth 
there must have been 300 m more than at the 
proximal side (see fig. 1, A). There, at the 
deep side, the direction of transportation is 
supposed to have become longitudinal and the 
type of movement has changed to that of a tur- 
bidity current (fig. 1, C at „a”). But no such 


current is thick enough to cover a floor with 
a difference in level of 300 m. Hence no tur- 
bidity current can pass longitudinally along 
the proximal side. If a new lateral influx were 
to change toa turbidity current sooner (fig. 1, C 
at „b”) it would follow the maximum inclination 
and cross over obliquely to the distal side. 
However, we know from observation that the 
sediment at the side, which is claimed to be 
proximal in this plea for lateral supply, is no 
less obviously a turbidite with longitudinal 
current directions than at the distal side. This 
proves that in cross section the floor must have 
been practically horizontal and that following 
any tectonic disturbance this horizontal position 
was immediately re-established by fill with 
turbidites. If this deduction is correct and there 
was no transverse slope on the trough floor then 
it is hard to imagine a mechanism which could 
have carried the sediment to the distal side 30 
km or so away. We are again forced to assume 
that the transport was longitudinal over the 
whole of the area covered by direction mapping, 
except for occasional transverse currents leaving 
beds with transverse current features. 


VOLUME AND GRAIN SIZE MILITATE 
AGAINST CORDILLERAS 

Some final aspects of this problem connected 
with volume and grain size call for attention. 
A rough estimate of the volume of the Polish 
flysch is 3 x 30.000 km? (thickness xarea), of 
which 10.000 is lime, 50.000 is sand and 
30.000 is clay ?). This mass was deposited in 
60-80 million years or at a rate of 800 years per 
cubic kilometer. For the sand it works out at 
1400 years per km?, that is about 2 to 3 times 
the amount the Rhine carries across the Dutch 
frontier from a drainage area of 224000 km?. 
The length of the Polish geosynclinal section is 
300 km. Hence, under similar conditions as in 
the drainage basin of the Rhine, the denuding 
atea supplying the Polish flysch should have 
been 2000 kms wide, or 1000 kms on each side. 
This would signify that most of the sediment 
came from far away. 

It should be realized that the estimated volu- 
me is that of the visible flysch, reconstructed to 
the uneroded state immediately following the 
paroxismal orogeny. Any flysch now buried 
below nappes or denuded from outside the outer 
edges of the nappes should be added. On the 
other hand, if part of the reconstructed volume 
has been used to build later flysch, the estimate 
sbould be reduced by that amount. The suggested 


5 It would be futile to introduce the factor of 
pore space into such rough estimates as those used 


kere. 
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volume is probably of the right order of mag- 
nitude. 


By assuming high cordilleras the area of the 
source can be greatly reduced. At present the 
Alpes are being denuded at the rate of % mm 
per year (Collet, 1925, p. 232). An area of no 
more than 2500 km? would suffice to produce 
ali Polish flysch in the available time. But during 
the most active periods considerably larger 
sources would be needed. Reasoning in this 
manner internal islands and surrounding coastal 
zones of 10 to 20 km broad with Alpine topo- 
graphy might have been adequate for supplying 
the necessary amounts. 

However, a grave objection can be raised 
against this view. A swiftly wasting mountain 
range delivers a significant percentage of 
pebbles larger than 1 cm diameter. An estimate 
for the Polish flysch of the fraction exceeding 
1 cm is less than 1/10 of a per cent and for 
the Apennines even lower. The part of the load 
that is rolled along the bottom by the Rhone 90 
km above Lake Geneva and the Arve and Drance 
is estimated by Collet (1925, p. 231, 232) at 
35%. Presumably this includes the coatse sand, 
but the pebbles over 1 cm should form more 
than 10 per cent of the load. ®) 

The Aare at its mouth in the Brienzersee 
(bottom slope 1 in 500) transports 58% gravel, 
of which 2/3 exceeds 3,5 cm diameter (personal 
communication Dr. H. Jäckli). At the Dutch 
frontier the Rhine carries along a significant 
amount of pebbles over 1 cm. Measurement 
during various water stages give an average of 
8% of the bottom load. 7) 

In other words, if the Netherlands were a 
flysch trough the Rhine would be supplying 
sediment with an unusually high percentage of 
pebbles over 1 cm. 

Admittedly the climate in „flysch times” was 
more favourable to chemical distintegration than 
at present in western Europe. But it can hardly 
be claimed that this would suffice for reducing 
practically all sediment coming off a high steep 
range to sand sizes. 

It might be supposed that the pebbly fraction 
was not carried far enough and stayed near the 
source, and that what we observe are only the 
finer fractions. However, even if there was only 
10 per cent of gravel, the undiscovered pebbly 
deposits in Poland should have a volume of 


6 Measurements at the mouths of Rhone and 
Rhine in their lakes are not representative because at 
present alluviation is taking place in the lower 
reaches of these rivers. 

7 Data kindly supplied by Rijkswaterstaat, Directie 
Bovenrivieren. 
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9000 km?. Such huge masses of conglomerate 
could not escape unobserved. 


Can it be, then, that unconsolidated sandstone 
of Paleozoic age formed the chief source of the 
Polish flysch sands instead of more consolidated 
rocks? Then the absence of pebbles would be 
less mysterious. But even if one is prepared to 
allow an average loss of 3 km thickness (2 km 
sand, 1 km shale) in the source area, the latter 
must have extended over 25000 km? forming 
zones together 80 kms wide. This value far 
exceeds estimates for the source areas incorpo- 
rated in present paleogeographic reconstructions. 


On a smaller source area denudation would have 
to cut deep into the crystalline substratum, and 
the source would no longer be older sandstones. 


Some of the evidence for local supply based 
cn distribution of grain size cannot be upheld. 
For if turbidity currents are assumed as deposi- 
ting mechanism the usual situation was that 
the coarse sediment accumulated in the deepest 
parts. Therefore finer sediment may indicate a 
former shallower horizontal surface, or a slope 
rising from the locus of coarse sediment. It is 
even possible that the currents ran down a 
canyon thereby crossing an area of clay sedimen- 
tation. The chance of finding such an ancient 
submarine valley is small, but the possibility 
that it played a part must be allowed for in 
paleogeographic reconstructions. 


In a joint paper with Dzulynski and Ksiaz- 
kiewicz (in press) we have summarized available 
evidence in several controversial instances from 
the Polish flysch. In the majority a certain 
amount of local supply is obvious, but the bulk 
of the sediment may have come from further 
way. Several seasons of fieldwork will be needed 
to collect sedimentological evidence before as- 
sessment of the importance of local and distant 


sources can be undertaken in Poland. In the 


Central Alpes there was probably a relatively 
high local supply, whereas in the Apennines the 
sandy flysch came almost entirely from far 
away. 


SUMMARY 


It has been generally assumed in the past 
that the source of flysch deposits is to be found 
in narrow zones bordering or separating the 
troughs and that the sediment was carried 
laterally off these rising lands into the fast 
subsiding trenches. The discovery that turbidity 
currents have deposited much of the sandy 
sediments of these troughs and that the 
transportation by these was for a large part 
longitudinal does not fit this picture. Closer 


inspection of the arguments in favour of lateral 
supply ‘shows that in many cases they are not 
compelling. On the other hand new sediment- 
ological data appear to indicate supply to a few 
strongly localized areas, for instance deltas. 


Hence it is tentatively suggested that although 
some units had.a local supply (e.g. many Swiss 
flysch formations) others derived the bulk of 
their sand from large distant source areas. An 
additional amount of local material was probably 
added to the latter. This would solve a grave 
difficulty that has usually been overlooked. For 
a small source would have to show a high relief 
undergoing swift erosion if it was to deliver 
sediment fast enough into an adjoining flysch 
trough. If this were the case such a source should 
tend to deliver a much higher percentage of 
gravel than most flysch units show. The larger 
and the further away the source area the less 
gravel need be expected. Hence, the present 
suggestion of supply from distant areas of mo- 
derate relief readily accounts for the much finer 
grain of flysch than of molasse, the latter being 
obviously fed from an adjacent rising cordillera. 


When attempting to apply this new view in 
the Polish flysch some paleogeographic difficul- 
ties are encountred whereas other aspects are 
more easily explained. Therefore the outcome 
of present fieldwork must be awaited before 
the importance for that area of distant sources 
can be assessed. But in the mean time it might 
be helpful to try out this possibility in other 
regions also. 
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REMARKS ON THE PRE-OROGENIC HISTORY OF THE ALPS' 


R. TRÜMPY ? 


INTRODUCTION 

Few parts of the Earth’s surface have been 
subjected to such intensive geological studies as 
the Alps. Some of the classical outcrops might 
almost be covered with printed paper, full of 
more or less precise observations and more or 
less brilliant deductions based upon them. But 
in spite of all this work, we know surprisingly 
little, especially of the sedimentary history of 
the chain. Interest has centered a long time on 
the magnificent tectonic features, and only 
hesitatingly the pre-orogenic history, obscured 
by the sterility of many formations — be it due 
to metamorphism or to primary lack of faunas 
— has been approached. 


The Alps, of course, have been considered as 
a model for other, less explored mountain chains. 
The facts of alpine structure have indeed been 
very useful for the understanding of tectonics 
in widely distant regions. In other cases, com- 
parison has failed. As a model, it appears that 
the Alps are far from perfect; they seem to belong 
to a rather unusual type of folded mountain range. 
While the widespread existence of great thrusts 


is becoming more and more evident — after a 
period of anti-nappism provoked by hasty 
generalizations of the model — the mechanism 


of these thrusts does not necessarily conform to 
the one deduced from alpine profiles. 

One of the main reasons for the somewhat 
anomalous structure of the Alps must be sought 
in their history during Mesozoic times. The 
alpine geosyncline is by no means a typical one; 
it lacks the enormous sediment accumulations 
characteristic of many mountain ranges of far 
less complicated tectonic structure. The total 
thickness of post-hercynian sedimentary rocks 
in any one area of the Alps is fairly low; it 
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rarely exceeds 5 km and may locally fall as low 
as loo m. As L. U. de Sitter has masterfully 
demonstrated, there is a direct relationship 
between the scale of the tectonic units and the 
thickness of the series involved; the baffling 
complications of certain „Schuppenzonen” may 
thus be due to the small volume of matter avai- 
lable for their build-up. The conjunction of thin 
cover and of extreme crustal shortening explains 
another particular feature: the nappes, even 
those which have formed relatively close to the 
surface, involve great cores of pre-Carboniferous 
(or rather pre-Pennsylvanian) basement rocks, 
which have been subjected to more than one 
mountain-building cycle. 

A very intimate relationship is assumed to 
exist between the patterns of late Paleozoic to 
early Cenozoic paleogeography on one hand and 
the present nappe structure on the other. It has 
been explained by Argand’s brilliant concept of 
embryotectonics. In his view, the great 
alpine nappes originated from asymmetrical 
folds or „geanticlines” (a rather unsatisfactory 
term, but „cordillera” is not much better), rising 
from the bottom of the Mesozoic (and even late 
Paleozoic) troughs and being more and more 
accentuated by the development of thrust planes 
on their external (northern, respectively western) 
flank. This implies that compression — we 
would rather say crustal shortening — was active 
during the entire geosynclinal phase. 

This theory was so simple and so striking, 
and it seemed to explain such a wealth of ob- 
served facts, that it has become a standard text- 
book truth, in spite of the narrow material 
base on which it was established forty or more 
years ago. It has been widely accepted, even by 
who have violently, and often 
wrongly, criticized Argand’s tectonic views, and 
without major modifications, except that the 
beginning of embryotectonics was postponed, 
first to Triassic and finally to early Liassic time. 

In recent years, however, a number of obser- 
vations have been made which do not fit into 
Argand’s theory. Guenzler-Seiffert, as early as 


1941, established the existence of normal, ten- 
sional faults of Mesozoic age in the Helvetic 
nappes of the Bernese Oberland. In 1949 the 
northern margin of the Liassic Thetys sea was 
shown to be governed by a system of antithe- 
tical tension flexures. Staub’s newer works insist 
on the importance of ancient fault lines. The 
most significant facts have been brought to light 
by the brilliant team of young French geologists 
(Debelmas, Ellenberger, Lemoine and others) 
in the Pennic portion of the western Alps. All 
these investigations tend to revolutionize our 
ideas on the pre-orogenic history of the Alps, 
in so far as thery insist on the predominance of 
vertical and tensional movements and on the 
lack of evidence for crustal shortening up to 
Cretaceous time. While there is certainly a very 
intricate diffferentioation of the Mesozoic ge- 
osyncline into troughs and ridges, or rather into 
subsident and non-subsident strips, these ele- 
ments do not seem to be due to a similar, only 
weaker, folding and thrusting mechanism like 
the one which is responsible for the formation 
of the later nappes. This implies, of course, 
that the parallelism of facies and tectonic units 
cannot be admitted a priori, but that it has to 
be proved in each case. 

We should like to present here a few aspects 
of alpine paleogeography. Arranging them in 
chronological order is not intended to convey 
the impression of a kind of summary of alpine 
stratigraphy; we shall merely chose some 
examples, almost entirely from the French and 
Swiss part of the chain, to illustrate our present 
ideas on the pre-orogenic history of the Alps. 


UPPER PALEOZOIC 


All central and southern Europe has been 
affected by the Hercynian orogenesis, 
and there is no reason to believe that any part 
of the future Alps was excepted from it. Its 
history was a very complicated one, and alpine 
geologists certainly have a tendency to over- 
simplify its effects, in spite of the cautious at- 
titude taken by B. G. Escher in his excellent 
review of 1911. By analogy with the Massif 
Central, the main phase was probably the Su- 
detic one; we know next to nothing about it, as 
pre-Namurian fossiliferous rocks exist only in a 
few areas of the eastern Alps. What is usually 
called „Hercynian” applies to later and probably 
minor phases. In the Montblanc region, these 
post-Carboniferous (Saalic?) structures are di- 
rected almost N-S and their divergence from 
alpine tectonic lines appears beautifully on the 
geological maps; but in eastern Switzerland, there 
are, on the contrary, W-E structures of the same 


age. 
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In the aftermath and as a consequence of the 
late Paleozoic revolutions, a number of localized 
basins were formed, which reveived very thick 
deposits of detrital, essentially continental beds, 
more or less of molasse type (at least during 
the Upper Carboniferous), and also volcanics. 
The most important of these basins is the 
„afchaic Briangonnais geosyncline” 
(Ellenberger) in the Pennic zone of the western 
Alps. It is unique among European basins of 
the time in its early origin (Namurian) and 
its persistance up to the close of the Middle 
Trias. This subsiding belt seems to have had 
some influence on later paleogeographic evolu- 
tion and may be regarded as a first manifestation 
of the abnormal character of what was to become 
the future axis of the Alps. In most of the other 
basins subsidence went on during Westfalian D 
and Stephano-Autunian time, some of them 
persisting, but often with different areal extent, 
into the upper Permian. These Verrucano basins 
were apparently limited by faults, frequently 
running NNE or NE. Those situated in the 
southeastern Alps were at times invaded by 
shallow seas, which for a moment even extended 
as far as Glarus to the NW. 

The late hercynian fracture basins (or taphro- 
geosynclines) seem to have had a very slight 
influence on the distribution of Mesozoic facies 
belts, at least from the Carnian onward; the al- 
pine paleogeographic pattern cannot be explained 
as an inheritance of hercynian structural ele- 
ments, but evolves along its own lines. Trends 
of Mesozoic isopic lines (lines of equal facies) 
often lie almost at right angles to the older 
structures and to the axes of the late Paleozoic 
basins. 


TRIAS 


The Triassic period marks a time of transition 
betweeen the hercynian and the alpine cycle. 
With very few exceptions, its sediments are of 
shallow-water or even continental origin. 

Influence of the German and Provence Trias 
basins still can be recognized in the autotochtho- 
nous region of the Swiss and French Alps. The 
smallest thickness and the least marine cha- 
racter of the Trias is found in the external part 
of the pennic zone. Further east (resp. south), 
the „archaic Briangonnais geosyncline” still 
persisted and received many hundreds of meters 
of sediment. Hercynian relief had all but 
disappeared, and the late Paleozoic molasses are 
tollowed by quartzitic sandtones of the Lower 
Trias, and by limestones and dolomites of the 
middle Trias. A fundamental change, justly 
emphasized by Ellenberger, took place between 
the middle and upper Trias: inside the „archaic 
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geosyncline” a belt, some 50 km wide, precisely 
the one in which the thickest Trias sequence had 
formed, became stable and thus inaugurated the 
„Briangonnais geanticline”, or rather the Brian- 
gonnais platform. Neotriassic sediments were 
läid down in the adjoining areas, the Subbrian- 
‚gonnais facies belt in the west (to which also 
belongs the major part of the Median Prealps, the 
„Medianes plastiques”) and the future Piemont 
geosyncline in the east. Thus we can trace the 
origin of some of the main paleogeographic units 
back to Carnian time. But even in the Piemont 
basin, subsidence was slow until the Lower Lias, 
and only shallow-water sediments of moderate 
thickness were formed. 

The well-known Trias of thesouthern and 
eastern Alps, of course, shows much greater 
varlation in environmental conditions, the usual 
shallow-water dolomites and limestones being in 
part replaced by euxinic (e.g. Meride limestones), 
volcanic (e.g. Buchenstein and Wengen beds, 
probably also Partnach and splinter shales in 
part) or pelagic (e.g. Hallstatt limestones) facies. 
As early as 1927, M. Ogilvie-Gordon explained 
the intricate paleogeographic pattern of the Cor- 
tina Dolomites as horst- and graben-like structu- 
tes, with the Ladinian volcanics flowing out from 
faults or flexures beween the platforms and the 
basins. The latter were short-lived and were 
invaded by the dolomite facies even during the 
Ladinian. The splendid work of the Leiden school 
in the Bergamask Alps has well shown the obli- 
quity of facies zones (especially up to the La- 
dinian) with regard to later tectonic lines. 

In the western Alps as well, isopic belts and 
Tertiary structural units are not at all parallel. 
Thus, the Briansonnais facies zone, which is 
characteristic of the front part of the middle- 
Pennic Great St.-Bernard nappe in the west, is 
fcund again in the presumably upper Pennic 
Schams nappes of the Grisons; or the Norian 
Hauptdolomite, a typically „austro-alpine” for- 


343 


mation, shows a fine development in the Pennic 
area of southern Piemont and Liguria. 


LIAS 

The alpine geosynclinal troughs, which came 
into existence at the beginning of the Upper 
Trias, only started their effective development 
during lower Jurassic time. 

In the helvetic realm, the northern mar- 
gin of the geosyncline can be particularly well 
seen. It is extremely cleancut; Liassic sediments 
are entirely absent to the north of it, while 1 km 
tc the south there are 350-550 m of shales, 
sandstones and arenaceous limestones. This cor- 
responds to a Liassic flexure, along which the 
geosynclinal basin sank down almost continually 
from the upper Rhaetic to the Domerian or 
Toarcian. It is not the only one of its kind; the 
foreland margin is composed of several step-like 
blocks, tilted toward the continental foreland 
(Alemannic island or peninsula) and separated 
from this and from each other by normal, anti- 
thetical flexure or fault_scarps. This kind of 
tructure is observed along many continental 
margins (e.g. the Mesozoic zone on the east coast 
cf Greenland) and excludes crustal shortening 
in this external part of the geosyncline during 
Liassic time; it denotes, on the contrary, tension 
phenomena. 


Arbenz, in his very lucid paper of 1919, 
already indicated that the borderline between the 
foreland and the Lias basin was oblique to tectonic 
units. In eastern Switzerland we find it in the 
higher helvetic nappes, and in western Switzer- 
land in the autochthonous sediment cover. Simi- 
larly, the zone of maximum subsidence — 
greatest thickness coupled with predominance of 
poorly fossiliferous shales and argillaceous lime- 
stone, which may well have been laid down in 
fairly deep water — passes from the cover of the 
Gotthard massif (which may be considered as 
ultrahelvetic, lying to the inside of the helvetic 


11m 
Fig. 1 (opposite) — Palinspastic sketch map and tentative paleogeographic sketches of part of the western Alps. 


Scale 1 : 3.000.000. 

A - Original disposition of facies belts. The external 
basement massifs are indicated by crosses: 
AM = Argentera-Mercantour 
P = Pelvoux 
Bl external, and B2 internal branch of Belledonne 
AR = Aiguilles Rouges 
M = Mont Blanc 
A1 Gastern-Erstfeld and A? main Aar Massif 
I... == Tavetsch 
G = Gotthard 


Only B!, AR and A! are shown in their present 
position; the other units have been displaced to 
account for the Tertiary folding and thrusting. It 
has been assumed that the AM-Massif has been 
subjected to a relative rotational movement to the 


NE. The probable area of deposition of the Me- 
dian Prealps nappe in western Switzerland and 
in Savoy as well as that of the Breccia nappe is 
also shown. 

B - Lias 

C - Lower Cretaceous. 

D - Upper Cretaceous 


These sketches are only to be considered as a first 
attempt in order to visualize the disposition of facies 
units before the alpine orogeny. In spite of their 
sketchy and generalized character, there is very much 
of hypothesis concerning the palinspastic development 
as well as facies conditions in several areas. The 
author intends to give a more complete set of similar 
sketches in the near future. 
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and to the outside of the pennic realm) to the 
main helvetic nappe of the Bernese Oberland, 
then to the cover of the Montblanc massif and 
finally into the subalpine ranges of Savoy and 
Dauphine. Paradoxically enough, this oblique 
Dauphine trough is one of the best examples of 
a geosyncline we can muster in the Alps, even 
though it is situated far outside the alpine axis 
and has only been folded by late and, at least in 
the west, rather weak phases of the orogeny. 

South and east of this geosyncline lies the 
north-pennic Grison schist (Büundnerschiefer) 
basin, for which we have reintroduced Haug’s 
term of Valais geosyncline, or better Valais 
facies belt. It was long thought that much of 
these schists was of Liassic age, some lower Lias 
fossils having been found in the Grisons and in 
Valais. Recent work, however, has led us to be- 
lieve that the Lias is really rather thin and deve- 
loped in neritic limestone facies, whereas the 
great mass of Bündnerschiefer overlying it is 
mostly of Cretaceous age. 

Inthe Brianconnais-Prealps area, the 
paleogeographic units dating from the Carnian 
continued their evolution. The Subbrianconnais 
- Medianes plastiques belt received many hun- 
dreds of meters of sediment; it differentiated 
-isto a number of minor furrows (with fairly 
continuous sedimentation, mostly of cherty and 
silty limestones) and submarine ridges (predo- 
minance of crinoidal limestones, with many un- 
conformities). Generally speaking, horizontal 
facies changes are of course much more rapid 
than outside the Alps, even if many of them are 
only apparent because of the superposition of 
nappes of different origin; but in the Briancon- 
nais and in the Median Prealps, these facies chan- 
ges can be followed step by step inside the same 
tectonic unit. The Lias is practically absent in 
the Briansonnais proper and in its northern 
prolongation, the Medianes rigides. The limit 
between the two belts is apparently formed by a 
flexure separating the stable, partly emerged 
platform to the east from the moderately subsi- 
ding basin to the west. 

The eastern margin of the Briangonnais plat- 
form, against the Piemont eugeosyncline of 
Schistes lustres, presents a problem of great in- 
terest. It was generally believed that the incom- 
plete, well differentiated Briansonnais series pas- 
sed gradually eastward into the metamorphic 
comprehensive series of the Schistes Justres. It 
is evident that metamorphism must be discounted 
in our facies discussions, as we now know that it 
took place only during or even after the main 
phase of the Tertiary orogeny (Oligocene); ge- 
osynclinal metamorphism, if it exists at all, is 
certainly of little importance in the Alps. In the 


Vanoise mountains of Savoy, Ellenberger has 
shown the existence of a thick Lias series (schists 
and impure limestones, practically Schistes lustres 
without ophiolites) appearing rather suddenly 
eastwards between Trias and Dogger of normal 
Brianconnais facies. The corresponding facies 
zone is not visible further to the south, where the 
innermost Briangonnais, with its extraordinarily 
reduced series (Lemoine’s Acceglio zone) is di- 
recty overridden by the Schistes lustres nappe. 

The Cottic Alps are the only region where 
the stratigraphy of the Piemont Schistes lustres 
has been at least partly established, thanks to the 
work of Franchi, Conti and Lemoine. From 
Carnian to Sinemurian time, sedimentation ma- 
naged to keep up with subsidence, so that the 
Upper Triassic and lower Liassic rocks are of 
shallow-water origin and can be dated by bentho- 
nic faunas. The proper deep-water, non-fossili- 
ferous facies of the Schistes lustres sets in about 
in the middle Lias and persists into the middle 
Jurassic. Metamorphism abstracted, the typical 
rocks are calcareous, more rarely argillaceous 
shales and silty to finely sandy limestones (the 
calcescisti of Italian authors), and not at all 
greywackes as in many geosynclines of similar 
type. This may be due to the generally warm 
hydroclimate of the Thetys sea on one hand, 
and moderate contemporaneous eros’on on the 
other; the rocks which furnished the detritus other 
than quartz sand were mostly limestones and do- 
lomites. The western margin of the Piemont 
trough, i.e. its border against the Brianconnais 
platform, was not al all transitional, but on the 
contrary steep enough to allow the action of tur- 
bidity currents and of submarine landslides. 
Breccias and microbreccias, the latter with well- 
developed graded bedding, are frequent in the 
westernmost part of the basin and gradually 
disappear eastward in the uniform mass of 
Schistes lustres. 

We think that the Breccia nappe of the 
Prealps mays also have had its origin on the 
western, external slope of the Piemont trough. 
Here as well, there is a shallow-water series of 
Neotriassic and Eoliassic age, followed by a 
non-fossiliferous formation of shales, impure 
limestones and microbreccias, the „Schistes in- 
ferieurs”, which may well be compared to 
Schistes lustres minus metamorphism. The over- 
lying „Breche inferieure” consists of angular 
fragments, mostly of Trias dolomite and cherty 
Lower Lias limestone, in a groundmass similar 
to that of the Schistes inferieurs. The individual 
beds are coarsely graded and the material is 
derived from a northwesterly source, presumably 
the inner margin of the Brianconnais platform. 
This is a further indication that the edge of the 
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geosyncline was very abrupt. Fault movements 
along this scarp, accompanied by earthquakes 
and tsunamis, may be largely responsible for 
this important accumulation of deep-sea scree. 
‚ The inner margin of the Piemont trough, its 
limit against the very unstable realm of the 
Grisonides (Err-Bernina and Dentblanche nap- 
pes) was probably also very steep and shows the 
same accumulation of submarine breccias, but 
yet no evidence of thrusting. In the austro-alpine 
realm proper the sedimentation in Liassic times 
was very variable. Here also, facies distribution 
seems to depend largely on contemporaneous 
fractures and flexures; thus we find more than 
1000 m of lower Lias cherty limestones to the 
east of the great Lugano fault (re-activated in 
the Tertiary), but much less or even none at all 
immediately to the west of it. 


MIDDLE JURASSIC 


Facies distribution during the middle Jurassic 
(„Dogger” of alpine geologists) was similar to 
the Liassic one, so that we need not enter into 
details. 

The opposition which had existed in Liassic 
time between the emerged Alemannic land to 
the north and the geosynclinal helvetic basin to 
the south was attenuated, in so far that the 
former was also overrun by the Aalenian 
transgression. However, the paleotectonic diffe- 
rentiation of the two compartments still is ex- 
pressed by a sudden increase in thickness 
southward, which may or may not coincide with 
the Liassic border flexure. Contemporaneous 
accidents have the character of normal faults, 
and no more of flexures. The sediments in the 
northernmost part of the autochthonous area 
can be directly correlated with those of the Jura 
mountains, so that the pivot line between the 
epicontinental Jura sea and the helvetic basin 
lay within what is today the Aar massif. The 
Aalenian is represented by black, non-calcareous 
shales with pyrite concretions, passing upwards 
into quartzitic and ironshot sandstones which 
show frequent cross-bedding, but no grading. 
This formation reaches great thicknesses (up 
to 700 m) in the Ultrahelvetic and southernmost 
Helvetic realm; it also occurs in other units, and 
even in the Carpathians, where the Polish 
geologists consider it as a kind of Flysch. For 
the western Alps, this does not seem to be the 
case, on the strength of the above-mentioned 
lithological and bedding criteria. In eastern 
Switzerland, sedimentation (mostly of crinoidal 
limestones) was fairly rapid till the end of the 
Bajocian. Bathonian, Callovian and Oxfordian 
deposits are very thin and in part missing, in 
spite of persisting marine conditions, while in 
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the same tectonic units further to the SW the 
Dauphine geosyncline received thick deposits 
of shale and of argillaceous limestone with 
almost exclusively: pelagic faunas. 


We know very little about Middle and Upper 
Jurassic in the Valais facies belt of the north- 
pennic realm. They are certainly absent in many 
places, though Aalenian shales are known from 
the Niesen nappe. In the southern French 
Alps, where the Valais facies belt had all but 
disappeared, it is possible — but not proved — 
that the Dauphin& geosyncline communicated 
directly with the Subbrianconnais geosyncline. 


For the classical facies changes in the middle 
Jurassic of the Median Prealps we may 
tefer the reader to the excellent summary re- 
cently given by Tercier. Many hundreds of me- 
ters of Zoophycos beds — shales, argillaceous 
and siliceous limestones with pelagic and mud- 
dwelling fossils in the west (Medianes plastiques 
Subbrianconnais in part) are opposed to 
the thin, coal-bearing Mytilus beds, which 
contain a particular shallow-water bottom fauna 
in the east (Medianes rigides — Briansonnais 
proper in part). On no account can thetransition 
zone between the two areas be interpreted in 
the light of classical embryotectonics, because 
there is no evidence of thrusting or even of fol- 
ding during the Jurassic. Neritic horizons, such 
as oolitic limestones, gradually appear in the 
Zoophycos beds, and there are frequently small 
ante-Mytilus (that is ante-bathonian) faults with 
downthrow to the west. Inside the Briancgonnais 
belt, the Mytilus beds conformably overlie the 
Trias and angular unconformities are restricted 
to a few longitudinal strips which probably mark 
Liassic or Bajocian accidents. 


Schistes lustres sedimentation continued in the 
Piemont trough, at least during the first part 
of the Middle Jurassic. Lemoine’s work indicates 
with great probability that the Schistes Justres are 
almost entirely of pre-radiolarite age. The total 
thickness of the Schistes Justres is rather mode- 
rate, probably not much exceeding 1500 m; their 
greater apparent thickness is very probably due 
to tectonic repetitions. In contrast to most other 
geosynclines, subsidence was much more rapid 
than sedimentation. Turbidites exist locally along 
scarps on the margins or inside the trough, giving 
birth to flysch-like formations, such as the 
„Gondran Flysch” east of Briancon. In the higher 
nappes of the Alps, Mesojurassic sedimentation 
is not essentially different from the Liassic one, at 
least up to the deposition of the radiolarite beds, 
which may well belong in part to the Middle 
Jurassic, but will be dealt with in the following 


chapter. 
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UPPER JURASSIC 

Much less detrital matter was introduced into 
the geosyncline during the Upper Jurassic than 
either before or after. Whereas shales, argillaceous 
or arenaceous limestones, and sandstones are the 
predominating sediments of the Lower and 
Middle Jurassic, the typical Malm rocks are 
either pure limestones or cherts. This may mark 
a peculiar stage in the evolution of the geosyn- 
cline; on the other hand it must not be forgot- 
ten that similar conditions also prevailed in 
many adjoining areas. 


The helvetic realm undergoes a pro- 
found paleogeographical change. The future 
autochthonous massifs, which so far had recei- 
ved only very thin Dogger and Trias deposits 
and none at all during the Lias, subsided and 
were covered by 200-400 m of black, more or 
less bituminous, poorly fossiliferous limestones, 
the Quinten beds. These were laid down in a 
fairly deep basin with poorly ventilated bottom 
water, which covered the autochthonous and 
most of the helvetic area and extended northeast- 
ward under the German portion of the Molasse 
basin, as proved by the bore-hole of Heimertin- 
gen in southeast Swabia. In the northern part 
of the basin, the Quinten limestones are over- 
lain by coral limestones of Tithonian age. The 
slope from the coral platform towards the basin 
was steep enough for local turbidity currents 
(Carozzi). The Mesojurassic faults persisted, 
apparently still as antithetical normal accidents. 
To the south of the subeuxinic basin, in the 
southernmost helvetic and in the ultrahelvetic 
realm, the Upper Jurassic is thinner, and shows 
a more normal limestone facies, rich in ammo- 
nites and brachiopods. 

Evidence ot the Upper Jurassic in the broad 
Valais realm is both scarce and contradictory. 
In most sections, Liassic or older rocks are di- 
rectly overlain by the Cretaceous. As conglo- 
merates with granite boulders are known from 
the ultrahelvetic Sexmort nappe to the north 
and from the Falknis nappe to the south of the 
Valais facies belt, one mieht suppose the absence 
of Upper Jurassic was due to non-deposition; 
but on the other hand there are scattered oc- 
currences of thin, pelagic beds, some of them, 
it is true, in doubtful tectonic positions. 


In the Subbrianconnais facies belt, the 
Upper Jurassic consists mostly of fine-grained, pe- 
lagic limestones, even including beds of radiolarian 
chert, though a few coral reefs developed on 
local swells. In the southern part of the French 
Alps, this pelagic facies extends to the Brian- 
connaisproper, whereas the corresponding zone 
in Savoy and in the Prealps shows thickbedded, 


shallow-water .limestones, often with corals 
’These limestones also occur in the eastern pro- 
longation of the median Prealps, the Klippen 
of central Switzerland and the Sulzfluh nappe 
cf northern Grisons. Thery are found again in 
the Schamps nappes (notably the „Marmor- 
zone”), which are in all probability closely re- 
lated to the Sulzfluh nappe and possess typical 
Briangonnais facies, especially in the Trias, the 
Upper Jurassic and the Upper Cretaceous. 


This, however, raises a very serious problem. 


The Briangonnais belt of the western Alps is 
located in the front part of the middle Pennic 
Great St.-Bernard nappe. Haug thought that 
the Schams nappes originated from the equiva- 
lent of this element (the Tambo and Suretta 
nappes) and that they were transported into 
their present position above the Avers schists 
by backthrusting mechanisms. Such backthrus- 
ting phenomena are quite evident and play an 
important part in the structure of the Pennic 
nappes of France, the Valais and the Grisons. 


We were at one time much inclined to adopt 
Haug’s explanation, but the geologists who have 
thoroughly investigated the Schams oppose it cate- 
gorically; according to them, the Schams nappes 
derive from the high-Pennic Margna gneiss nappe. 
Even if the Schams and Sulzfluh elements were of 
Mesopennic origin, the Briangonnais facies belt 
would be very much oblique. The Valais ge- 
osyncline, very broad in the Grisons, narrows 
down to 50-100 km in Valais itself and may 
wedge out entirely in the French Alps, while to 
the inside of the Brianconnais platform the 
enormous trough of west-alpine Piemont 
Schistes lustres would only be represented, in 
the Grisons, by the much narrower basin of 
Avers schists and by the belt of the future Platta 
nappe with its great ophiolite masses. But if 
the Schams nappes were of high-Pennic origin, 
even the Avers schistes lustres would belong to 
the northern (Valais) trough. The Briansonnais 
facies belt would, in this case, cross almost the 
entire Pennic realm between Savoy and the 
Grisons, and, what is more, it would be totally 
independent of the great gneiss nappes. In spite 
of our critical approach to the problem of em- 
bryotectonics, we may well hesitate before taking 
so radical a step, but in the present state of 
knowledge alle ways out of the dilemma are 
fraught with obstacles. 

In the Piemont geosyncline, on the 
inside of the Briangonnais platform with its lime- 
stones sedimentation is extremely slowed down, 
in spite or because of deep sea conditions, by 
the lack of detrital matter. Part of the Middle 
Jurassic and the Uppert Jurassic are represented 


by thin deep-sea deposits such as radiolarian 
cherts with manganese ores and fine-grained, 
pelagic limestones with traces of submarine so- 
kution. They contain only pelagic microfossils, 
such as radiolaria and tintinnids, and also 
driftwood. The geosyncline of course continued 
to exist and possibly even to subside, in spite of 
the extremely slow sedimentation. We have called 
(Trümpy, 1955) such thin deep-sea deposists 
„leptogeosynclinal”, to distinguish them 
from the normal geosynclinal sediments, which 
should, after Dana’s definition, be characterized 
by great thicknesses. In the Breccia nappe, sili- 
ceous shales without fossils and cherts are over- 
lain by limestones and breccias, which denote a 
second and weaker episode of activity along the 
submarine fault-scarps. The components of the 
breccias are again derive a from a westerly 
SOULCE. 

The facies of radiolarian cherts and pelagic 
limestones (Aptychus limestones) is not limited 
to the Pennic Piemont geosyncline, but trans- 
gresses on to the austroalpine realm and even 
further to the south. During the Upper Juras- 
sic, the whole area to the inside of the Brian- 
gonnais rise must have been covered by fair- 
ly deep water. Judging by the almost total ab- 
sence of detrital sediments, tectonic activity was 
much reduced. However, some submarine brec- 
cias, of similar type as those of the Breccia 
nappe, were formed along local scarps, e.g. in 
the Sonnwend mountains northeast of Inssbruck. 


LOWER CRETACEOUS 


After its interruption during hte Upper Ju- 
rassic, detrital sedimentation sets in again; but 
the paleogeographic pattern is quite distinct 
from the earlier one. 

We need not dwell on the well-known Lower 
Cretaceous of the French Subalpine chains and 
of the Helvetic nappes of Switzerland. Its sedi- 
mentary column is characterized by eight or nine 
cyclothems, each starting with a thin, condensed 
glauconite bed with phosphatic fossils, overlain 
by marl shales which grade upwards into li- 
mestones, either crinoidal, or cherty, or of the 
Urgonian type (miliolid, rudist and pellet li- 
mestones). In the socalled Middle Cretaceous 
(upper Aptian, Albian and lower Cenomanian) 
the normal cycles degenerate and multiply, so 
that sandy and glauconitic rocks become pre- 
dominant. The thickness of the series increases 
southward to a maximum of something like 
1500 m, while the neritic limestone members 
pass into pelagic limestones or shales. Finally 
there is a belt where the whole of the Lower 
Cretaceous is developed in pelagic facies, with 
rich ammonite faunas (Necomien a Cephalopo- 
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des of the ultrahelvetic nappes, Vocontian 
trough of southeastern France). The cyclothems 
here become indistinct, probably on account of 
the greater general depth of the sea, where the 
minor cyclic depth changes lose their influence 
on sedimentation characteristics. Isopic zones of 
the Lower Cretaceous are not quite parallel to 
the strike of the Tertiary structures, being more 
east-westerly; the divergence however, is less 
marked than during the Lower and Middle 
Jurassic. 

Movement along the longitudinal faults in 
the Helvetic realm still continued. Recent work 
by Schindler (thesis, in press) in Glarus has 
brought to light a very interesting observation: 
one of these accidents, hithero a normal fault 
with inclination and downthrow to the south, 
becomes a steep thrust-fault in the upper Va- 
langinian and Hauterivian. This may eventually 
indicate the reversal from tension to comptres- 
ston mechanism, but much further research is 
needed before one can make a general statement 
on this point. 

The main event of Eocretaceous time, apart 
from the eruption of the ophiolites, certainly 
was the formation of the north-Pennic Valais 
geosyncline. As already mentioned, we know 
very little of its Jurassic history, save that neritic 
Lias is generally present. Rapid subsidence of 
the basin apparently only began in the Lower 
Cretaceous, to which the major part of the 
„Bündnerschiefer” of Lower Engadine, Praet- 
tigau, central and western Grisons, as well as 
most of the Ferret schists of Valais seem to 
belong. Thicknesses of several km are common. 
The sediments originally were calcareous and 
argillaceous shales, siliceous limestones (in these 
more or less metamorphic rocks it is often dif- 
ficult to decide whether the quartz is of detrital 
origin or has formed from cherty layers) and 
quartz sandstones; conglomerates, mostly of 
fine grain, occur in several levels. Direct evi- 
dence on the age of these formations is yet very 
scarce. A conglomeratic limestone member of 
the Ferret series has furnished small Orbitolina 
and is considered as Barremian-Aptian, espe- 
cially as it is overlain by black schists and 
ironshot . quartzites very reminiscent of the 
Middle Cretaceous of neighbouring areas. In 
northern Grisons, the presumably Eocretaceous 
series gradually passes upwards into beds dated 
by Globotruncana. 

This very thick geosynclinal series, in spite 
of its uniformity, has at least in part been laid 
down in shallow water. This is particularly true 
of the above-mentioned Orbitolina limestones 
and conglomerates, which also contain Algae. 
Graded bedding is rather exceptional in the arena- 
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ceous horizons, but there is frequently a fine 
lamination similar to that of beach sands. The 
detrital influence is stronger than in the older 
Piemont Schistes lustres, and the coarse beds 
contain fragments of crystalline trocks, though 
yet in small proportion. In the Praettigau, the 
detrital matter is derived from the north 
(Naenny). In many respects, the facies of these 
formations is transitional between typical 
Schistes lustres and typical Flysch. Though still 
closer to the former, it may be consindered as a 
kind of „pre-Flysch” or subflysch deposit. 

In its internal portion, the Valais trough takes 
on eugeosynclinal character by the appearance 
of ophiolites, mainly in the form of in- 
trusive sills. By some authors, these intrusions 
are held to be contemporaneous with early fol- 
ding phases and even to have moved along 
thrust planes. Field evidence, however, is not 
undisputed, and it is just as possible that the 
sills intruded into a practically undisturbed se- 
ries. We do not know much of the age of the 
ophiolites in this area, though all authors agree 
that the main phase took place sometime during 
the Cretaceous. Albite-chlorite rocks of possibly 
tufaceous origin occur in the Middle Cretaceous 
of Valais. But it may well be that there are older, 
perhaps even Liassic volcanics, and younger ones 
as well. 

To the inside (south and cast) of the pre- 
flysch Valais trough, the Lower Cretaceous is 
represented by thin-bedded, finegrained pelagic 
limestones with chert layers. They are well deve- 
loped on both sides of the Briangonnais plat- 
form, but are mostly missing on the platform 
itself. Some erosion relics, however, prove that 
pelagic conditions also prevailed in the Brian- 
gonnais proper and that submarine currents 
impeded sedimentation. 

Pelagic facies also predominates in the Pie- 
mont trough. This was the theatre of still 
greater ophiolite emissions, which are essen- 
tially post-radiolaritic and may date from the 
Lower and Middle Cretaceous. A few ophiolite 
lenses have also been signalled from Upper Creta- 
ceous and Paleocene formations. As we have al- 
ready stated, the total sediment thickness in the 
Piemont geosyncline is small (leptogeosyncline). 
For this reason, many ophiolites in this area did 
not remain as sills inside the (probably still 
undisturbed) sediments, but flowed out on the 
sea-bottom. Pillow lavas are frequent among 
the basic volcanics, e.g. in the highest pennic 
Platta nappe (= Arosa Schuppenzone) of the 
Grisons. There is no evidence of synorogenic 
intrusion. Indeed, it is difficult to understand 
how the basic and ultrabasic magmas could rise 
while thrusting, that is compression, occurred. 


Ic is much more logical to assume that they 
found their way through fissures, while tensional 
conditions still prevailed in the geosyncline, 
particularly along a fracture belt limiting the 
deeper-Iying pennic realm from that of the 
Grisonide or lower austro-alpine nappes. This 
would also be in accordance with what we 
know from other eugeosynclines. The sialic 
crust was certainly thinned under the Piemont 
trough, but the gneiss cores of the pennic nap- 
pes are there to prove that it was not altogether 
removed. 

As during the Upper Jurassic, pelagic con- 
ditions reigned in most of the future realm of 
the eastern and southern Alps. In some regions, 
however, flysch-like sediments announce the ap- 
proach of the Austrian orogenesis, while sub- 
marine scarp breccias occur in parts of the Gri- 
sonides. 


UPPER CRETACEOUS 


In the central and western Alps, there are 
almost no normal neritic sediments of this age, 
but only pelagic deposits on one hand, flysch 
and pre-flysch formations on the other. 

In the Helvetic realm, particularly in its 
southern portion, the Upper Cretaceous begins 
with pelagic limestones, grading into thick marl 
shales. The Maestrichtian consists of sandy lime- 
stones and shales with arenaceous Foramini- 
fera. The regular cyclothems which characterized 
the Lower Cretaceous are no more to be recogni- 
zed. 

Rapid sedimentation continued in the Valais 
trough, which seems to extend nortwards and to 
break up into a number of minor basins. The 
flysch type of facies becomes more and more 
accentuated, although not yet realised in its 
absolutely characteristic variety. Graded bedding 
becomes a common feature, the conglomeratic beds 
grow coarser and the proportion of crystalline 
debris greater as contemporaneous erosion at- 
tacks the rising cordilleras. Characteristic flysch 
tracks, such as Helminthoids, make their ap- 
pearance. We are still unable to establish the 
detailed paleogeography of these northpennic 
flysch and pre-flysch troughs, because the tecto- 
nic position of some units, such as the Vorarl- 
berg, Sardona and Niesen flysch nappes is con- 
troversial. Studer, who introduced the term 
„tlysch” into geological literature, by the way 
explicitiy excluded the Niesen series from his 
definition; and this is certainly in many ways 
to be justified, as the 2000 m of Upper Cretace- 
ous in the Niesen nappe include thick members, 
such a spongitic limestones, which are quite 
unknown from typical flysch. We would still 
consider the Niesen series as a „pre-flysch” kind 
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of formation. No similar Cretaceous deposits are 
known from the French Alps south of the river 
Isere; as already stated, the Valais geosyncline 


„misses the curb” of the west-alpine arch and 
 wedges out to the southwest. 


South of this geosyncline, Upper Cretaceous 


and Paleocene are again represented by thin, 
 pelagic limestone and marlstone beds, the „Cou- 


ches rouges”. Frequent interruptions of sedi- 


imentation by currents is shown by hardgrounds, 
but detrital matter is scarce, being trapped by 
the flysch troughs on either side. This facies 


extends over the Subbrianconnais and Brian- 
gonnais realms as well as over that of the more 


internal Breccia nappe. The differentation of 


the paleogeographic units, already somewhat 
attenuated during the Upper Jurassic and the 
Lower Cretaceous, disappears entirely; the Brian- 
connais „geanticline” has ceased to exist and is 
now part of a very much broader submarine 
platform of unknown (presumably moderate) 
depth. 

Another complex Cretaceous flysch trough 
extends on the inside of this pelagic realm, over 
large parts of the future austro-alpine nappes 
and also the Piemont geosyncline. The Simme 
flysch of the Prealps and the Helminthoid flysch 
of the French Alps were laid down in this basin. 
The early onset of flysch facies is of course re- 
lated to the strong Cretaceous orogenic phases 
affecting the austro-alpine and neighbouring 
nappes. Evolution of the tectonic environment 
even proceeded further than the flysch stage: 
the Gosau beds of the eastern Alps already re- 
present a molasse type of deposit, and the same 
is perhaps true of the Mocausa conglomerates 
in the Simme nappe, with their wellrounded 
pebbles and their associated shallow-water 
benthonic fauna. 


PALEOCENE AND EOCENE 


This is the time when flysch facies becomes 
general, and quite a new aspect of alpine 
paleogeography opens. We will confine our- 
selves to a few remarks and do not intend to 
give anything like a discussion of flysch sedi- 
mentation; we may find some excuse for this 
in the scope of our subject, as indeed the pre- 
orogenic phase of alpine history is about to pass 
into the syn-orogenic one. 

The very last episode of normal shelf depo- 
sition is marked by nummulite-bearing limesto- 
nes, glauconite beds and quartz sandstones of 
the Helvetic realm. They area heterochronous 
deposit, becoming successively younger toward 
the northwest. Isopic belts are arranged SW- 
NE or even SSW-NNE in Switzerland, much 
oblique to tectonic structures and still more so 
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to Mesozoic facies belts, so that there is a very 
pronounced crossing-over of facies units of dif- 
terent ages. The Nummulite beds are overlain 
by the pelagic Globigerina marl shales, and 
these in trun grade into flysch of Upper Pria- 
bonian and Lower Oligocene age. This is the 
youngest flysch of the Alps and the only one 
which is composed to a large extent of gray- 
wackes. Evidence of slumping is widespread. 
The great amount of volcanic debris found in 
the lower part of this flysch all along its strike 
from the Mediterranean to Glarus can perhaps 
be explained by transportation along the axis 
of the basin, as exposed by Kuenen. In the upper 
part of the north-helvetic flysch, bedding char- 
acteristics already announce transition to mo- 
lasse facies; there is, indeed, an insensible pas- 
sage between the two types of sedimentation at 
the end of lower Oligocene, when the axis of 
the subsiding basin wanders outward into the 
exogeosynclinal molasse trough, becoming 
shallower all the while. 

Flysch sedimentation was particulary active 
in the ultrahelvetic and north-pennic 
realm. 

Several flysch troughs, each with its own history, 
source of detrital matter, and sedimentation 
characters, were formed. Some of them, particu- 
larly the Valais geosyncline, date from Cretace- 
ous time and were filled up in the Lower Eocene; 
others only developed during the Lower or 
Middle Eocene and persisted to the Priabonian. 
The sandstones are generally feldspathic and 
contain a large amount of carbonate, both as 
cement and as rock fragments, whereas gray- 
wackes play an insignificant part. Graded bed- 
ding and all the markings due to turbidity cur- 
rents are a general feature, though not neces- 
sarily developed throughout the thickness of all 
fiysch formations. That the evolution was not 
everywhere a straightforward one, but that there 
can be superposition of several cycles, may be 
exemplified by the occurrence of a cross-bedded 
orthoquartzite member (the Paleocene Sardona 
quartzite) in the midst of a flysch series. Cor- 
dilleras were certainly edified by compressional 
movements, probably from the Upper Cretace- 
ous onward and particularly during the Upper 
Focene. Mudflows, transporting great boulders 
cf various rocks, slid down from them into the 
adjoining basins and gave rise to the wildflysch 
facies. Curiously enough, some of these cordil- 
leras seem to have vanished into thin air, like 
the one which furnished great quantities of a 
peculiar type of granite (the Habkern granite) 
into the ultrahelvetic flysch. Efforts are being 
made to trace the sources of these exotic blocks, 
which are thought by some authors to be deri- 
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ved from nappes of more southerly origin having 
already moved within the proximity of the 
Priabonian flysch trough. Transport of matter 
from the north or west, as proved in several 
cases by recent studies (Kuenen, Crowell etc.), 
would of course invalidate this hypothesis. 

In the corresponding zone of the Savoy Alps, 
Barbier has demonstrated the existence of an 
important ante-Priabonian folding phase. The 
Priabonian flysch rests on a very strongly dis- 
located and eroded substratum; it is post-oroge- 
nic with regard to this disturbance, though of 
course still pre-orogenic with regard to the main 
phase of Oligocene age. Without any doubt, 
crustal shortening was effective during the 
Eocene and probably also during the Upper 
Cretaceous. 

In the Prealps (including the Breccia nappe, 
which since the Cretaceous has the same history 
as the Median Prealps), flysch deposition follows 
upon the pelagic phase of the Couches rouges 
and starts in the Ypresian or, perhaps, in the 
Upper Paleocene. The flysch of this area is 
rather regularly bedded and lacks wildflysch fa- 
cies. We should like to stress the fact that flysch 
sedimentation is practically always preceded in 
time by a phase of pelagic sedimentation, mark- 
ing the deepening of the trought, but yet lacking 
the detrital beds. Only parts of the Valais geo- 
syncline (which, however, is insufficiently 
known) seem to make an exception from this 
rule. 

The interior portions of the Alps, the austro- 
alpine realm and most of the ancient Piemont 
trough, were already emerged at the beginning 
of the Tertiary; and it is quite possible that 
here important thrusts had already occurred. 


CONCLUSIONS 


All authors agree that the flysch basins do not 
conform to the pattern of earlier, Mesozoic and 
particularly Jurassic paleogeography. Their 
areal extent is generally much smaller than that 
of the ancient troughs, and they seem to develop 
almost indistinctly over preceding „geanticlines” 
and geosynclines. 

In the light of classical embryotectonics, this 
is a surprising fact. If the nappe-building pro- 
cesses (be it by compression, suction, or gravity 
sliding) were extremely slow and lengthy, star- 
ting far back in the Mesozoic, one would expect 
to find the embryonal geanticlines becoming 
nıore and more exaggerated as we approach the 
Tertiary paroxysms. But quite to the contrary: 
the Briansonnais platform, for instance, the do- 
minating paleogeographic element inside the 
pennic geosyncline from the Upper Trias to the 
Lower Cretaceous, becomes obliterated by the 


Neocretaceous Couches rouges transgression 
and plays no visible part any more in flysch 
sedimentation. Surely this should not happen if 
there was an unbroken line of evolution from 
the Mesozoic swells to the present great nappes. 

Not only the early Tertiary flysch troughs 
(corresponding, but in part only, to the „epieu- 
geosynclines” of Marshall Kay’s classification) _ 
are largely independent of Mesozoic structures, 
but even during the Mesozoic itself there is a 
pronounced shifting of subsiding belts. The 
Cretaceous Valais trough, in particular, with its 
facies already announcing and later on realising 
the flysch type, is located over an area which 
had undergone only slight subsidence during 
Jurassic times. 

For Argand, Termier and many others, se- 
dimentation inside the partial geosynclines 
(notably the Valais and Piemont troughs) was 
characterized by the existence of a „compre- 
hensive series”, where uniform deep-water de- 
posits had accumulated throughout a very long 
period (Carboniferous, Trias or Lias to Eocene). 
But stratigraphical analysis of these discouraging 
schist masses, though still in its beginning, tends 
to show a different picture. Thick formations 
like the Bündnerschiefer of the Grisons or the 
Piemont Schistes lustres do not seem to re- 
present the entire Mesozoic, but rather to have 
formed rapidliy during a shorter time span 
(Cretaceous for the former, Middle Lias to 
Middle Dogger for the latter). The pre-örogenic 
history of the Alps is thus governed by a very 
unstable repartition of subsiding belts, the most 
important shifts taking place at the beginning 
of the Upper Trias, the Upper Jurassic, the 
Cretaceous and the Tertiary. Unlike those outside 
of the geosynclinal areas, paleogeographic units 
are only allowed a comparatively short lifetime. 

This instability of paleogeographic features 
is of course difficult to interpret by Argand’s 
ingeniously simple and (to use a term of Van 
Bemmelen’s) monocausalistic hypothesis. It is 
furthermore contradicted by the form of the 
non-subsident platforms, the so-called geanticli- 
nes, which can be reconstructed with reasonable 
certitude in several parts of the Helvetic Alps, 
6f the Prealps, and the Pennic nappes of France. 
Lemoine’'s scale reconstruction of the Briancon- 
nais realm shows a broad, gently undulating 
platform, limited on both sides by scarps against 
the deeper and subsiding belts of Subbriancon- 
nais and Piemont. There is no systematic asym- 
metry of the paleogeographic elements; on the 
contrary, the scarps with downthrow to to the 
south and east are often higher and steeper than 
those with downthrow to the outside of the 
alpine arch. 


a " 


Various concording observations demonstrate 
— we think conclusively — that the ridges and 
tidges and basins within the Mesozoic Thetys sea 
are not embryonic folds or thrust-folds due to 
beginning compression, but that they are to a 


very large extent bordered by contemporaneous 


normal faults and flexures, which divide the 


 geosyncline into longitudinal strips of different 


paleotectonic behaviour. We have discussed se- 
veral examples showing the influence of these 
fault-scarps on contemporaneous sedimentation. 
This pattern implies vertical movements, very 
probably even tensional stresses, up to the time 
of reversal which apparently occurred during the 
Cretaceous. Tension also allows for a much more 
plausible mechanism of ophiolite intrusion and 
extrusion, and it is in accordance with what we 
know of the history of most other mountain 
chains. The flysch cordilleras, on the other hand, 
are largely independent of these Mesozoic 
structures and were probably built by early 
compressive folding phases; but there is no 
evidence whatsoever of crustal shortening be- 
fore the Cretaceous. 

The great nappes with crystalline cores, far 
from having arisen with „majestic slowness”, 
were probably formed quite rapidly, in the time 
span of one stage, a few million years at most 
(Ellenberger). Once we reject, as I believe we 
are obliged to, the theory of embryotectonics, 
there is no reason any more to admit a compul- 
sory relationship between gneiss nappes and 
facies distribution. Such parallelism may exist 
in some cases (e.g. by re-activation of an ancient 
fault zone), but it is not inevitable. In many 
instances obliquity of facies belts with regard 
to structural elements can be demonstrated, in 
spite of the enormous crustal shortening which 
brought into contact rocks that had been formed 
hundreds of kilometers apart. 

On the other hand, certain decollement nap- 
pes, consisting only of post-hercynian sediments 
and sheared off along an incompetent horizon, 
can sometimes be followed for a very long 
distance along the strike (the Median Prealps 
from Praettigau to Savoy, and the corresponding 
facies belt almost down to the Mediterranean) 
and originate more or less from the same facies 
unit. These paleogeographic units frequently 
have an extension of several hundreds of kilo- 
meters along the axis of the basin or platform. 
In such nappes, another mechanism intervenes: 
the piloting of shear planes by sedimentary fa- 
cies, for the explication of which de Sitter 
has given outstanding contributions. But the 
formation of these shear planes and the sub- 
sequent transport of the sedimentary sheet nap- 


'pes (to a large extent, but not exclusively, by 
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gravity sliding) has taken place before the 
development of the great pennic gneiss nappes, 
and of course before the onset of metamorphism. 
The departure of the different prealpine nappes 
thus would precede the main orogenic phase, 
and there would be no direct relationship 
between them and the later nappes with base- 
ment cores. 

We can more or less join up the great nappes 
from one transverse section to another on a 
purely geometrical basis, and we can follow the 
facies belts along the strike for a surprisingly 
long distance. But the two methods must be 
kept apart, as we no longer a priori may assume 
a direct relationship between the two orders of 
phenomena. 

This does not simplify things for the alpine 
geologist, and still less for his extra-alpine 
audience. The geosyncline appears as a belt of 
extreme crustal unrest, and this instability in 
time and in space is perhaps a more significant 
character than the subsidence itself. Brusque 
horizontal facies changes and rapidly varying 
environmental conditions in one profile add 
their problems to those inherent in the struc- 
tural complications.. All our paleogeographic 
reconstructions are piecework, as many elements 
have disappeared altogether, either drawn into 
tlıe depths of the infra-structure or worn away 
during one of the erosion phases which have 
attacked the Alps since the Cretaceous. We still 
have a difficult, but we believe worthwhile, and 
certainly wonderful task ahead, trying to un- 
ravel the incredibly eventful history of this 
unique mountain chain. 


SELECTED REFERENCES 3 


Allemann, F. (1956)* — Geologie des Fürstentums 
Liechtenstein (Südwestlicher Teil). Jahrb. Hist. 
Ver. f.d. Fürstent. Liechtenstein, vol. 56. 

Arbenz, P. (1919) — Probleme der Sedimentation und 
ihre Beziehungen zur Gebirgsbildung in den 
Alpen. Vierteljschr. natf. Ges. Zürich, 64. 
Jhrg., p. 246—275. 

Argand, E. (1916) — Sur l’arc des Alpes occidentales. 
Ecl. geol. Helv., vol. 14, p. 145—192. 

——, (1920) — Plissements pr&curseuts et plissements 
tardifs des chaines de montagnes. Actes Soc. 
helv. Sc. nat., vol. 31, p. 13—39. 

Barbier, R. (1948)* — Les zones ultradauphinoise et 
subbrianconnaise entre l’Arc et l’Isere. Mem. 
Expl. Carte geol. France. 

Cadisch, J. (1946) — On some problems of Alpine 

Tectonics. Experientia, vol. 2/1, p. 1—16. 

(1953)* — Geologie der Schweizer Alpen. 

2nd ed., Basel. 

Carozzi, A. (1957) — Tracing turbidity current depo- 
sits down the slope of an alpine basin. J. Sedi- 
ment. Petr., vol 27/3. 


> 


3 Grouping a few classic and some recent papers on 
alpine sedimentation, as well as some standard works 
(*) giving extensive bibliographical references. 


352 


Cornelius,. H P. (1925) — Zur Vorgeschichte der Al- 
penfaltung. Geol. Rundschau, vol. 16, p. 
350—377; 417—434. 

Debelmas, J. (1955)* — Les zones subbriangonnaise 
et brianconnaise occidentale entre Vallouise et 
Guillestre (Hautes-Alpes). Mem. Expl. Carte 
geol. France. 

——, (1957) — Quelques remarques sur la conception 
actuelle du terme „cordillere” dans les Alpes 
internes frangaises. Bull. Soc. Geol. France, 
(6), vol. VII, p. 463—474. 

Ellenberger, F. (1951) — Le g£eosynclinal briangon- 
nais archaique et les renversements de subsi- 
dence (Reliefumkehrung) dans la pr&orogenese 
alpine. Compte rend. somm. Soc. G&ol. France, 
p. 133—136. 

‚ (1958)* — Etude geologique du pays de Va- 
noise. Mem. Expl. Carte geol. France, in print. 

Günzler-Seiffert, H. (1941) — Persistente Brüche im 
Jura der Wildhorn-Decke des Berner Ober- 
landes. Ecl. geol. Helv., vol. 34, p. 164—172. 

——, (1952) — Alte Brüche im Kreide/Tertiär-An- 
teil der Wildhorn-Decke zwischen Rhone und 
Rhein. Geol. Rundschau, vol. 40. 

Haug, E. (1925) — Contribution A une synthese stra- 
tigraphique des Alpes occidentales. Bull. Soc. 
Geol. France, (3), vol. XXVII, p. 97—244. 

Lemoine, M. (1953) — Remarques sur les caracteres 
et l’evolution de la pal&og&ographie de la zone 
brianconnaise au Secondaire et au Tertiaire. 
Bull. Soc. Geol. France, (6), vol. III, p. 105— 
1222 


Moret, L. (1954) — Problemes de stratigraphie et de 
tectonique dans les Alpes frangaises. Trav. Lab. 
Geol. Univ. Grenoble, t. XXXI. 
Nabholz, W. (1951) — Beziehungen zwischen Fazies 
und Zeit. Ecl. geol. Helv., vol. 44, p. 131-158. 
Schindler, C. (1958)* — Geologie des Glärnisch. 
Beitr. geol. Karte d. Schweiz, in print. 
Schneegans, D. (1938)* — La geologie des nappes de 
l’Ubaye-Embrunais entre la Durance et l’Ubaye. 
Mem. Expl. Carte geol. France. 3 
Spengler, E. (1951)* — Die nördlichen Kalkalpen, 
die Flyschzone und die helvetische Zone, in 
Schaffer, F.X.: Geologie von Oesterreich. Wien. 
Staub, R. (1917) — Über Faziesverteilung und Oro- 
genese in den südöstlichen Schweizeralpen. 
Beitr. Geol. Karte Schweiz, N.F. Lief. 46. 
(1951)* — Ueber die Beziehungen zwischen 
Alpen und Apennin und die Gestaltung der 
alpinen Leitlinien Europas. Ecl. geol. Helv., 
vol. 44, p. 29—130. 
‚ (1954)* — Der Bau der Glarner Alpen. Glarus. 
Tercier, J. (1947) — Le Fiysch dans la sedimentation 
alpine. Ecl. geol. Helv., vol, 40, p. 164—198. 
——, (1952) — Problemes de sedimentation et de 
tectonique dans les Prealpes. Rev. Quest. 
scientif. 
lrüumpy, R. (1955) — Wechselbeziehungen zwischen 
Palaeogeographie und Deckenbau. Vierteljschr. 
natf. Ges. Zürich, Jhrg. 100, p. 217—231. 
——, (1957) — Quelques problemes de paleogeo- 
graphie alpine. Bull. Soc. Ge&ol. France, (6), 
vol. VII, p. 443—461. 


TEE 


OPMERKINGEN VAN 


PEESDEEIN 


JOINTING IN THE PERMIAN DOME DE BARROT, S-FRANCE 
A Reply 


It is apparent from v. Hilten’s discussion, that 
we both agree that the joint-systems in the 
Dome de Barrot are connected with the tec- 
tonical movements in the area. Van Hilten wants 
to correlate their origin with the folding of 
the sediments which overly the Permian. We 
on the other hand prefer a correlation with the 
updoming of the Permian itself, in which the 
joints occur. Definite direct proof of our view 
is admittedly lacking, so on first hand both 
theories seem to be equally probable. There is, 
however, a lot of circumstantial evidence, which 
makes us plead in favour of our theory as given 
before in this Journal (juli 1956). 


The fact to which v. Hilten rightly draws at- 
tention and which we overlooked somewhat is 
the abundant development of NE-SW directed 
steeply dipping joints. This abundance can prob- 
ably be explained by the fact that the dome 
is not exactly radial symmetrical, but is some- 
what elongated in a WSW-ENE direction. 
Thanks to the comments of v. Hilten a more 
complete picture of the mechanism of jointing 
can be given. The joints under consideration 
are caused by a deformation, which is a combi- 
nation of doming and cylindrical upheaval, 
whereby the first prevails in the western part, 
the second in the eastern part of the dome. 

Our tangential system, only developed in the 
western part is clearly radially arranged, 
having a vertical axis of symmetry (compare 
Schuiling, 1956, fig. 7 diagrams I, II and III). 
The NE-SW set of joints in the eastern part is 
slightly fan-like arranged, with an approximate- 
ly horizontal axis of symmetry in a NE-SW di- 
rection. Parallel to this axis the Permian is not 
bent; actually the complementary set of joints here 
is conspicuously absent. Again our view, that 
deformation of the Permian is necessary to 
provoke joints is confirmed (compare Schuiling, 
fig. 3, section Ay-A,, eastern part, as contrasted 
with section B}-B», which shows that the Perm- 
ian is strongly bent perpendicularly to this 
NE-SW axis). 

To ascribe, as v. Hilten does, some minor sets 
of joints to shearing is overlooking our evidence, 
that they have tensional characteristics. Shear 
joints do accur, but not in the domed Permian, 
but in the folded Jurassic rocks around. We 
measured 50 joints in the neighbourhood of 
Pierlas, east of the dome, in calcareous rocks of 


Sinemurian age; they provided one of the 
finest examples of shear-jointing we ever saw. 
They confirm in this place the tectinocal coordi- 
nate system adopted by v. Hilten; not a single 
transversal or longitudinal joint has been observ- 
ed. 

The underlying Muschelkalk, disharmonically 
folded, fits less well in v. Hilten’s tectonical 
coordinate system, as may be judged from the 
anticlinal axes on Bordets map. According 
to v. Hilten’s view they should be orientated 
about WNW-ESE, but actually seldom show even 
an approach to this direction. It is possible to 
evade this difficulty by postulating a later 
centrifugal gliding of the Muschelkalk. 

The main point against v. Hilten’s theory is 
that folding did not play a role in the deforma- 
tion of the Permian; it is evident that the 
jointing is related to the deformation; to ascribe 
it to a deformation which did not take place 
(folding) and deny or diminish the role of the 
actual deformation (doming) seems an unsound 
practice. 

I cannot believe in the „telepathic” action of 
folding tectonics, producing joints in rocks 
they do not touch or deform. I sincerely hope 
to have the occasion to climb the Dome de Bar- 
rot on a sunny day with v. Hilten and show him 
the gently peripherically dipping Permian, pro- 
tected from the wild gliding tectonics overhead 
by lubricating gypsum and cargneule layers. 
I am thankful for his comments, which gave 
me the occasion to enlarge my original view of 
simple doming into a combination of upheaval 
in a point (doming) and along an axis (cylindri- 
cal upheaval). If moreover his comments have 
served to read microtectonical publications with 
a more critical eye, open for other explanations, 
they duly served their job. 
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R. D. SCHUILING 


GEOLOGISCH EN MIINBOUWKUNDIG NIEUWS 


E.GK.S.-STEUN VOOR MIJNBOUWKUNDIG 
ONDERZOEK — Na raadpleging van het Raadge- 
vend Comite en met instemming van de Bijzondere 
Raad van Ministers, is door de Hoge Autoriteit op 
haar zitting van 5 december 1957 besloten, krachtens 
artikel 55 van het Verdrag tot Oprichting van de 
Europese Gemeenschap voor Kolen en Staal een fi- 
nanciele steun ten bedrage van 3.000.000 rekeneen- 
heden E.B.U. te gebruiken over een tijdvak van 4 ja- 
rei, toe te kennen ten behoeve van studies en onder- 
zoekingen op onderstaande gebieden: 

—- technische stofbestrijding in de kolenmijnen, 

ijzermijnen en ijzer- en staalfabrieken; 

— de „menselijke factoren”, welke de arbeidsvei- 

ligheid beinvloeden; 

— de revalidatie van slachtoffers van arbeidsonge- 

vallen en beroepsziekten. 

Ten einde de onderzoekingen in de gewenste banen 
te leiden, is een kaderprogramma opgesteld voor elk 
van de hierboven aangeduide gebieden. Voor de beide 
laatstgenoemde zijn de kaderprogramma’s nog in 
studie. 

Ter zake van de kaderprogramma’s inzake de stof- 
bestrijding is door de Hoge. Autoriteit tijdens haar 
zitting van 14 juli 1958 een beslissing genomen. De 
volledige tekst van de kaderprogramma’s wordt hier- 
onder weergegeven: 


Ontwerb van een kaderprogramma betreffende de 
„technische stofbestriiding in de mijnen” 


1) Het uitwerken van nieuwe en het vervolmaken 
van bestaande procedes voor de stofmeting in de mij- 
nen met betrekking tot: 

a) de rechtstreekse meting der stofverschijnselen, 

b) de procedes voor het trekken van stofmonsters, 

c) de procedes voor het onderzoek van de getrok- 
ken stofmonsters. 

2) Het bestuderen van de stofverschijnselen met 

betrekking tot: 

a) de kenmerken varı het stof (bijvoorbeeld de 
mineralogische kenmerken), 

b) de eigenschappen varı het 
elektrische lading), 

c) het gedrag van het stof ondergronds (bijvoor- 
beeld invloed van turbulentie, vochtigheid, se- 
dimentatie. 

3) Het uitwerken van nieuwe en het vervolmaken 
van bestaande procedes voor de stofbestrijding in de 
mijnen: 

a) inspuiten van water in het gesteente, 

b) blaasvuliing en breukwinning, 

c) schieten, 

d) stofbestrijding bij 

thoden, 

e) bestrijding van afgezet stof, 

f) stofvriji maken van de lucht, inzonderheid van 
de intrekkende lucht, 

g) stofbestrijding bij installaties waar de stofontwik- 
keling bijzonder groot is, zoals: skips, brekers, 
laad- en overlaadstations, 

h) stofbestrijding bij het boren, in het bijzonder 
bij het boten van gaten voor de verankerign van 
het dak. 


4) Bescherming van het personeel der mijnen te- 
gen stof: 


het leidinggeven bij de te verrichten werkzaamheden 


stof (bijvoorbeeld 


verschillende winningsme- 


en onderzoekingen inzake de met betrekking tot de 
stofontwikkeling en voor ieder werkpunt gehouden 
aantekeningen. 

Kaderprogramma „Technische stofbestriiding in de 
ijizer- en staalindustrie” 


A. Toegepast 


1) Uitwerking van nieuwe en verdere ontwikke- 
ling van bestaande methoden en midde'en met be- 
trekking tot: 

1. a) Stofbestrijding ter bescherming van oven- 
metselaars, pannenmakers en andere arbeiders, 
die op soortgelijke wijze met silicahoudende 
vuurvaste stoffen omgaan. 

b) Stofbestrijding ter bescherming van vormers, 
kernvormers, vormlossers, braamafslijpers en 
reinigers. 

2. Bestrijding van stot en rook welke door het 
gebruik van zuurstof bij de staalproduktie wor- 
den gevormd, met name: 

a) bij de convertors, 

b) bij de vlamboogovens, 

c) bij het vlammen van de ruwstaalblokken. 

3. Bescherming tegen rook en stof bij smeltovens 
voor staal, koepelovens met warme en koude 
wind, doorschuifovens, droogovens, bij de pan- 
verhitting, enz. 

4. Stofbestrijding bij het mengen van erts en bij- 
slag, met inbegrip van het breken en zeven 
hiervan, alsmede bij het sinteren van alle soor- 
ten fijn erts, met inbegrip van opslag en ver- 
voer van de ertsen, de bijslag en bet gecinterd 
erts. 


onderzoek 


B. Basisonderzoek 


Uitvoering van werkzaamheden betreffende: 

1 Harmonisatie van de stofmeting in de ijzer- en 
staalindustrie ten einde zo spoedig mogelijk 
normen vast te stellen voor: 

a) referentiegetallen (bijvoorbeeld gemeten stof- 
ontwikkeling per ton geproduceerd staal of 
per m? gas/sec., meten of wegen van de stof- 
deeltjes, enz.), 

b) meettoestellen en meetmethoden. 

2. Bepaling van de stofontwikkeling op de verschil- 
lende werkpunten in de ijzer- en staalindustrie, 
waarbij in het bijzonder dient te worden vast- 
gesteld: 

a) de aard van het stof ((chemische en mineralo- 
gische samenstelling, korrelvorm, enz.), 

b) de hoeveelheid stof, 

c) het aantal arbeiders op deze werkpunten, 

d) de schadelijkheid van de verschillende soor- 
ten stof. 

De organen en deskundigen die het voornemen 
koesteren een technische studie te verrichten in een 
van de aangegeven sectoren van het kaderprogramma, 
hebben er belang bij zo spoedig mogelijk aanvullende 
bijzonderheden, welke voor het indienen van hun 
aanvrage om financiele steun van belang zijn, in te 
winnen bij de Hoge Autoriteit van de Europese Ge- 
meenschap voor Kolen en Staal, Afdeling Arbeids- 
vraagstukken, te Luxemburg. 

De aanvragen om financiele steun dienen uiterlijk 
36 november 1958 in het bezit te zijn van de Hoge 
Autoriteit. 
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EEENEOZOTT SEC HATPISTZUATK EN 


BESTUURSMEDEDELINGEN 


Op de 46e Gewone Algemene Vergadering van het 
Genootschap op 14 februari 1958 werd Ir. H. K. 
Hylkema, m.i., herkozen als commissaris. 

Op de Huishoudelijke Vergadering van de Geologische 
Sectie, op 14 febr. 1958, werden benoemd: tot secre- 
taris (in de plaats van Dr. J. D. de Jong): Drs. H. M. 
Harsveldt; adres: Spaarne 17, Haarlem; tot commis- 
saris (in de plaats van Prof. Dr. W. P. de Roever): 
Dr. P. C. Zwaan. 

Prof. Dr. G. H. R. von Koenigswald werd herkozen 
als commissaris. 

Ir. J. M. Weehuizen is afgetreden als lid van de 
Redactie-Commissie van het Genootschap en van 
Geologie en Mijnbouw. In zijn plaats werd destijds als 
lid van de Redactie-Commissie van Geologie en Mijn- 
bouw reeds benoemd Ir. J. A. M. Cottaar, m.i. 

Een nieuw lid van de Redactie-Commissie van het 
Genootschap zal nog worden benoemd. 
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EMEIS, geol. dts. J. D. — ’s-Gravenhage, Van Wıjn- 
gaerdenstraat 37. (8). 


ES, geol. drs. E.van — Voorburg, Laan van Nienw Oost 
Einde 179. (bg) (G.V.A.). 

FUCHTER, Dr. J. H. G. — ’s-Gravenhage, Sportlaan 
386. (g). 

GREEF, m.i. Ir. K. G. de — ’s-Gravenhage, Cornelis 
Speelmanstraat 12. (b) (gk). 

GROSS jr. M. G. — Pasadena, Cal., U.S.A., 1163 

Steuben Street. (Bg) (M.V.D.). 

HOSPERS, Dr. J. — Port Harcourt, Nigeria, B.W.A., 
c/o Shell — B.P. Petroleum Development Cy 
of Nigeria Ltd., P.O. Box 263. (g) (gk). 

HUBERT VAN BLEYENBURG, m.i. Ir. J. R. — Pa- 
ranam, Suriname, c/o Suralco. (b) (RK). 

JACOBS, geol. drs. A. F. — Dawson Creek, B.C., Ca- 
nada, 1317 - 93 Ave, c/o Western Leaseholds & 
Calvan Consolidated. (g). 

JANSEN, H. — Delft, Oude Delft 89. (bg) (M.V.D.). 

JANSSEN, geol. drs. F. L. — ’s-Gravenhage, Tann- 
hauserstraat 36, p/a L. C. M. Polak (g) (gk). 

KANIS, Dr. J. — Managing Director New African 
Mica Cy Ltd., Salisbury, S. Rhodesia, Uplands 
Close, P.O. Box 109, Highlands. (g). 

KLOMBPE, Prof. Dr. Th. H. F. — ’s-Gravenhage, Laan 
van Meerdervoort 216. (g). 

LANDEWIJK, Dr. J. E. J. M. van — Lecturer at the 
Un. College of Ghana, Achimota, Ghana, 
W. Africa. (g). 

LIEM KHIK LIAM — Delft, Aan ’t Verlaat 25. (bg) 


(M.V.D.. 
MARTEL, R. F. — Rijswijk, Z.H., Nassaukade 9. 
(bg) (M.V.D.). 
METZSCH, E. H. von — Leiden, Oxde Vest 35. (bg) 
Toy). 


MULDER, Dr. C. J. — Port Harcourt, S. Nigeria, 
B.W.A., c/o Shell — B.P. Development Cy of 
Nigeria Ltd., Geol. Dept. Owerri, P.O. Box 263. 


(8). 

NEVE, Prof. G. A. de — Adres voor toezend.ing G & 
M en Verhandelingen: p/a J. H. Coldenhoff- 
Pinsel, Taman Tjibeunjing Selatan 31, Bandung, 
Indonesia. 

NOBEL, m.i. Ir. C. — Trujillo, Peru, c/o Northern 
Mining Corporation, Casilla 162. (bg) (M.V.D.). 

OUDEMANS, geol. drs.. W. — Rotterdam, ’s-Graven- 
dijkwal 154E, p/a J. Kolff. (m). 

PLAS jr., geol. drs. L. van der — Leiden, Modderman- 
straat 74. (8). 

FLAS, geol. drs. J. P. van der — Technical Assistent, 
Rio de Janeiro, (Ipanema), Brazilie, c/o Ge- 
oprosco Brasil S.A., Rua Visconde de Piraja 525 
—,/713. (b). 

RAVEN, Prof. Dr. Th. — Visiting Professor of Geolo- 
gy, Beirut, Lebanon, Faculty of Arts and Scien- 
ces, Am. Un. of Beirut. (g). 

RITSEMA, Dr. A. R. — Aalsmeer, ’t Stroodak. (g) 
(ek). 

RUTTEN, Prof. Dr. M. G. — Bunnik (Utr.), Prönses 
Beatrixstraat 37. (g) (gk). 

SAAL, R. R. — Bussum, J. J. H. Verhulstlaan 6 (in 
mil. dienst). (bg) (M.V.D.). 

SCHAECK MATHON, F. M. A. van — Leiden, Oude 
Vest 113. (be) (L.G.V.). 

SLOTBOOM, Prof. Ir. J. G. — Hoogleraar a. d. T.H. 
te Eindhoven, Eindhoven, Hadewijchlaan 2A. 
(m). 

STEVENS, geol. drs. N. B. H. — Field Manager Fro- 
bisher Ltd., Nairobi, Marlborough Road. (g). 


AGENDA 
GEOLOGISCHE SECTIE 


Zaterdag 25 oktober 1958 
te 14.30 uur, in het nieuwe gebouw van 
de N.V. De Bataafsche Petroleum Maat- 
schappij, Carel van Bylandtlaan 23, 's-Gra- 
venhage, voordracht door 
Prof. Dr. Walther K. Nabholz (Bern): 


Die Bündnerschiefer, ein Sedimenttypus 


der internen alpinen Orogenzone. 


Deze voordracht vindt plaats onmiddellijk 
na afloop van de reeds in het september- 
nummer aangekondigde Buitengewone al- 
gemene vergadering van het Genootschap. 


N.G.M.S.O. 


Prof. Dr. Walther K. Nabholz (Bern) zal 
in ons land een aantal voordrachten hou- 
den voor de plaatselijke geologische, c.q. 
mijnbouwkundige studentenverenigingen, 
en wel op dinsdag 21 oktober in Leiden, 
»p woensdag 22 oktober in Delft, op don- 
derdag 23 oktober in Utrecht en op vrij- 
dag 24 oktober in Amsterdam, telkens om 
20 uur in de betreffende geologische, c.q. 
mijnbouwkundige instituten. 

Het onderwerp van de voordracht in Delft 
is: 

Geologie und Kraftwerkbau, am Beispiel 
eines hydroelektrischen Kraftwerks in 
Graubünden. 


De overige voordrachten hebben hetzelfde 
onderwerp als de voordracht voor de Geo- 
logische sectie op zaterdag 25 oktober 
(zie boven). 


SWINKELS, m.i. Ir. G. M. — Delft, Koornmarkt 32 A. 
(bg) (M.V.D.). 

VALK, Dr. W. — Hollandia, Ned. Nieuw Guinea, 
Kantoor van het Mijnwezen. (g). 

VIETS, m.i. Ir. P. C. — Eindhoven, Le Sage ten Broek- 


laan 74. (b). 
WALTER, geol. drs. F. — Epe, Gld., Oxickbornlaan 
16. (g). 


WALTER-—-DE BOER, Mevr. H. C. — Epe, Gld., 
QOuickbornlaan 16. (bg) (L.G.V.) 

WEE, M. W. ter — Oldeberkoop, Gem. Ooststelling- 
werf (Fr.), Lyclamaweg 15. (g). 

WEGEN, geol. drs. G. van der — Amsterdam Z, 
IJselstraat 7 11. (g). 

WILLEMS, m.i. Dr. Ir. H. W. V. — Natrona Heights, 
Pennsylvania, U.S.A., 1513 Pacific Avenue. (b). 

WINDEMULLER, Ph. J. — Bergen N.H., Nesdijk 
ZreNm). 

WISSEMA, Dr. G. G. — Karachi, Pakistan, c/o Stan- 
dard Vacuum Oil Cy, Producing Division, P.O. 
Box 3713. (g). 

ZWART, geol. drs. J. Y. van der — Micropalaeonto- 
loog, Damascus, Syri&, c/o Menhall Prospecting 
and Exploitation Cy, 17th of April Square. (b). 


Mutaties: 


AS, Dipl. Ing. W. C. A. van — van (bg) naar (m). 

DOZY, Dr. J. J. — van (g) (gk) (K) naar (g) (gk) 
(per 1-1-1958). 

KONING, Dr. A. — van (g) (K) naar (g) (per 1-1- 
1958). 


Gorrecties: 

BEEK, W. C. — Wassenaar, Backers Lapselaan 18. 
Vervalt. Foutieve opgave. 

KOEFOED, Prof. ©. — Hoogleraar i.p.v. Buitengewoon 
Hoogleraar. i \ 

THOMEER, Prof. Ir. J. H. M. A. — Hoogleraar i.p.v. 
Buitengewoon Hoogleraar. £ 

IJZERMAN, Dr. R. — onder Personalia julinummer 

foutief vermeld als Dr. H. IJzerman. 


Bedankt per 1-1-1959: 


BUNING, W. L. — (g) 
BUYZE, m.i. Ir. D. — (8) 
CORTS, m.i. Ir. C. W. — (m) 


Adressen gevraagd: 

BAREN, Prof. Dr. Ir. F. A. van — (g) 
DIJKHUIS, E. — (bg) (M.V.D.). 

SJÄHRIAL SJAHABUDIN — (bg) (M.V.D.). 


RECTIFICATIE 


Ten gevolge van een technische fout werd onder het 
„Overzicht van de octrooiliteratuur over hydraulische 
stijlen” verzuimd te vermelden dat de gegevens hier- 
voor werden verstrekt door de Octrooi-Afdeling van 
de Staatsmijnen in Limburg en samengesteld door de 
heren W. E. J. Kuyper en T. Schreur. 


GEOLOOG OF MIJNINGENIEUR GEVRAAGD. 


De aandacht der leden wordt gevestigd op de advertentie 
in het septembernummer van Geologie en Mijnbouw, 
waarin de directeur van de Stichting tot bevordering van 
het geologisch onderzoek in de Overzeese Rijksdelen 
1.0., een geoloog of mijningenieur vraagt. 

Ter toelichting moge het volgende dienen. 

In 1959 zal op Ned. Nieuw Guinea een economisch- 
geologisch onderzoek worden begonnen, hetwelk van 
groot belang wordt geacht voor het zoeken van een 
economische basis voor dit gebiedsdeel. De genoemde 
Stichting i.o. zal samenwerken met het Kantoor voor het 
Mijnwezen in Hollandia. 

Te Delft wordt thans aan de hand van luchtfoto’s on- 
derzocht, op welke gebieden en op welke mogelijkhe- 
den het onderzoek zich zal moeten richten. 


BUITENGEWONE ALGEMENE VERGADERING. 


De leden worden herinnerd aan de Buitengewone Alge- 
mene Vergadering op zaterdag 25 oktober 1958 te 
14.30 uur, in het gebouw van de N.V. B.P.M., Carel 
van Bylandtlaan 23, ’s-Gravenhage. Voor bijzonderhe- 
den wordt verwezen naar het septembernummer van 
Geologie en Mijnbouw. 


OUDE NUMMERS GEOLOGIE EN MIJNBOUW. 


Wie van de leden kan Prof. Dr. Th. H. F. Klompe& hel- 
pen aan de nrs. 10, jaargang 1951 en 8, jaargang 1954 
van Geologie en Mijnbouw. 

Gaarne bericht aan de secretaris, Paviljoensgracht 72, 
's:Gravenhage. 


De secretaris: J. H. Beltman. 


VERZAMELBANDEN 


Over de mogelijkheid van levering van verzamel- 
banden voor de 12 uitgaven 1958 van „Geologie en 
Mijnbouw” worden de leden op de laatste adver- 
tentiepagina van dit nummer ingelicht. 
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In het IBM Electronisch Reken- en Administratie- Centrum 
(ERAC) te Amsterdam staat de IBM 650, de meest gebruikte 
Computer ter wereld, op basis van een uurtarief te uwer be- 
schikking. Deze electronische reken- en administratiemachine 
wordt reeds door vele bedrijven en instellingen ingeschakeld 
bij de oplossing van hun wetenschappelijke, technische en ad- 
ministratieve problemen. 


Een staf van deskundigen is beschikbaar om u 


De IBM 650, bij de oplossing van uw problemen behulpzaam 
een universele machine, te zijn. Een uitgebreide programma-bibliotheek 
werd reeds ioegepast voor : staat kosteloos te uwer beschikking. 
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Brug-constructies 
Cam-design 
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Irrigatie-problemen 
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Statische berekeningen 


Sterkte-berekeningen 
Transformator- berekeningen 


Trillingsanalyse 
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Warmte-wisselaars 
anıyele admiuistratieve en Sarphatistraat 47-55, Amsterdam 
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BROWN BONERI ophaalmachines) 


e Hoog rendement 
e Gering onderhoud 
e Optimale bedrijfsveiligheid 


e Grootste schachtcapaciteit door 
combinatie met beproefde 
Rapid-Exact-regeling 


@ Ook geheel automatische 
bediening bij kooienmachines 
met goede reuseltaten in bebrijf 


ELECTRICITEIT MAATSCHAPPIJ ELECTROSTOOM N. 


ROTTERDAM - POSTBUS 301 - TEL. 82720 (12 LIJNEN 


ORDBERG st Uw | | 
PROBLEMEN MET HET BREKEN ;) 


Er bestaan drie typen SYMONS kegel-breekmachines, elk in verschillen- 
de formaten, waaruit U voor Uw individuele behoeften een keuze kunt 
maken. Het Standaard Type heeft een capaciteit van 12 tot 800 ton 
per uur; het Shorthead Type (voor fiin breken) van 6 tot 400 ton per 
uur. Het Intermediate Type, een aanvullend type voor de beide eerst- 
genoemde, heeft een capaciteit van 7 tot 90 ton per uur. 


Wanneer U stoffen breken wilt - hetzij natuurlijke, hetzij bewerkte - 
kan NORDBERG U helpen bij secondair en bij definitief breken, 
ongeacht het formaat, ongeacht de hoeveelheid. 

De SYMONS kegel-breekmachine staat geheel vooraan op het 

gebied van de zgn. "reduction crushing”. De machine is zodanig 
ontworpen, dat de grootst mogelijke kracht op het te breken 
materiaal wordt uitgeoefend met de minst mogelijke slijtage aan de 
brekende en andere delen van de machine. 

Haar uitstekende prestaties over de gehele wereld gedurende meer dan 
een kwart eeuw worden bewezen door het feit, dat er meer dan 

5.000 van deze machines in bedrijf zijn. 

SYMONS kegel-breekmachines komen op uitzonderlijke wijze 
tegemoet aan de bestaande wensen naar een grote produktie in her 
breken van elke soort harde mineralen van zeer uiteenlopend formaat. 
Daarom genieten zij de voorkeur over de gehele wereld. 


NORDBERG MANUFACTURING COMPANY 
19, CURZON STREET, LONDON W.1. ENGLAND 


Cables: Nordberg, London 
Head Office and Works: MILWAUKEE, WISCONSIN, U.S.A 
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Bij voldoende belangstelling is het mogelijk 


verzamelbanden 


Geologie en Minbom 


te leveren. Deze zijn uitgevoerd in grijs natuur- 
linnen, geschikt voor de 12 afleveringen 1958, 
voorzien van rug- en plattitel. Een bijzondere 
mechaniek maakt het mogelijk de losse nummers 


zelf in de band te bevestigen. 


De prijs is afhankelijk van het totaal aantal be- 
stellingen en zal tussen fl. 3.50 - fl. 4.- per stuk 


(excl. verzendkosten) liggen. 
Be En Pr EEE press 


Interessenten worden beleefd verzocht zo spoedig 
mogelijk een briefkaart te zenden aan: 


Administratie „GEOLOGIE EN MIINBOUW” 
Hofwijckstraat 9 - Den Haag 


ALLIS-CHALMERS 
MIJNBOUWMACHINES 


LOW- 
N EnD TRILZEVEN 


enkel-, dubbel- en drie-deks 


* 
SLIKPOMPEN 
voor vloeistoffen met vaste bestand- 
delen 


Gemakkelijk in onderhoud en 
contröle 


x 
HYDROCONE BREKERS 


voor elke toepassing 
Betrouwbaar 
Lange levensduur 


Capaciteit van 7 tot 1000 ton 
materiaal per uur 


Afmetingen van het produkt van 


1182 101 2.5 
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met V-riemen 


SNAARSCHIJVEN 


met Magic-grip-naven 


TELEFOON 793222 


DRUKKER & Zn N.V. 


Ringdjk 2_ e AMSTERDAM ® Phone 67321 


DIAMONDS 


nn 
ALLE CORRESPONDENTIE BETREFFENDE ADVERTENTIES, ABONNEMENTEN E.D, 
AAN: „GEOLOGIE EN MUNBOUW” HOFWIJCKSTR. 9, DEN HAAG, TEL. 111875 


